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In this thesis a volume-limited sample (D ≤ 1 kpc) of 316 B-type stars was investigated
regarding their multiplicity status and the distribution of fundamental parameter such as
their separation or mass-ratio distributions to improve our understanding of the formation
processes of stellar and multiple systems.
For this purpose public archival data of B-type stars in combination with own observations
were analysed, obtained by diffraction-limited near-infrared imaging with NAOS-CONICA
at the Very Large Telescope located at the Paranal observation site in Chile. For each of the
selected target stars the presence of visual companions was investigated and their physical
association confirmed or rejected either by analysing their common proper motion or based
on a statistical assessment. Given the measured flux-ratio, relative to the primary, for each
identified companion, the spectral type, distance and age of the primary, as well as the
combined brightness from the 2MASS point source catalogue, the mass of the companion
and consequently the mass-ratio q between companion and primary was determined.
The projected separation range covered by this sample extends from 20 to about 7000 au.
Among the 316 B-type stars a total of 194 sources were resolved in the vicinity of 148
primary stars, including 9 new confirmed detections, 19 previously known but first-time
confirmed detections and 38 new resolved candidate companions, respectively. Additional,
a white dwarf was found within the sample, the central star of a planetary nebula NGC246,
misleadingly classified as B-type main sequence star. Alongside one previously known com-
panion located about 3.8′′ south-east of the white dwarf central star, one new companion
was resolved located about 1′′ (≈ 500 au) north-east of the primary. Combining the results
from multi-epoch observations the physical association of both companions could be con-
firmed by common proper motion, making this system the first confirmed hierarchical triple
system in the centre of a planetary nebula. Using the obtained separation measurements in
combination with available literature data the physical association of 86 stellar companions
to their primaries could be confirmed, whereas the results of the common proper motion
analysis of 75 visual companions remain inconclusive. Additionally, 33 potential candidate
companions have been identified as background objects.
Similar to the solar-type binary distribution the measured separation distribution forms a
log-normal distribution, but with a peak shifted towards a significantly wider separation
of 214+38−24 au. The estimated mass ratio distribution follows a power-law f (q) ∝ qΓ, with
Γ ≈ −0.50. Furthermore, there is evidence for a dependency of the mass ratio distribution
on the binary separation, which tends towards smaller mass ratios for wider binaries. The
measured companion star fraction of the sample, uncorrected for biases, is 51.3+2.8−2.8 per cent
and the assessment of higher-order multiples within the sample, combined with literature
data yields a lower limit on the frequency of single, binary, triple and higher-order multiple




−1.8 and ≈ 8 per cent, respectively.
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Zusammenfassung
Diese Dissertation befasst sich mit der Untersuchung einer ra¨umlich begrenzten Stichprobe
(D ≤ 1 kpc) von 316 B Sternen bezu¨glich ihrer Multiplizita¨t sowie der Verteilung grundle-
gender Parameter wie zum Beispiel deren Abstands- und Massen-Verteilung, mit dem Ziel
unser Versta¨ndnis u¨ber die zugrunde liegenden Entstehungsprozesse stellarer und multipler
Systeme zu erweitern.
Hierfu¨r wurden frei verfu¨gbare Archivdaten mit eigenen Beobachtungen kombiniert und
analysiert. Die hoch-auflo¨senden Nah-Infrarot Daten wurden dabei mit Hilfe des NAOS-
CONICA Instruments gewonnen, welches am Very Large Telescope montiert ist und sich
am Paranal in Chile befindet. Jedes der gewa¨hlten Beobachtungsobjekte wurde auf das
Vorhandensein von mo¨glichen Begleitern hin untersucht und deren mo¨gliche physikalische
Verbindung zum Prima¨rstern besta¨tigt bzw. widerlegt mittels einer Analyse der gemeinsa-
men Eigenbewegung oder aufgrund statistischer U¨berlegungen. Mit Hilfe des gemessenen
Fluss-Verha¨ltnisses zwischen Prima¨rstern und jedem identifizierten Begleiter, dem Spektral-
typ, Abstand und Alter der Prima¨rkomponente sowie der kombinierten Helligkeit aus dem
2MASS Katalog wurde anschließend die Masse der Begleiter und in letzter Konsequenz das
Massenverha¨ltnis q zwischen Mutterstern und Begleiter bestimmt.
Der Bereich, der durch diese Stichprobe abgedeckten projizierten Absta¨nde, erstreckt sich
zwischen 20 und 7000AE. Unter den 316 B Sternen wurden insgesamt 194 Quellen in
der na¨heren Umgebung von 148 Prima¨rsternen entdeckt, einschließlich 9 neuer besta¨tigter
Begleiter, 19 bereits bekannter Begleiter, die hier zum ersten Mal besta¨tigt werden konn-
ten, und 38 neu entdeckter Begleiterkandidaten. Zusa¨tzlich wurde in der Stichprobe ein
Weißer Zwerg, der Zentralstern des planetarischen Nebels NGC246, identifiziert, welcher
fa¨lschlicherweise in der Stichprobe als B Stern gelistet wurde. Neben einem bereits bekann-
ten Begleiter, der sich etwa 3.8 Bogensekunden su¨d-o¨stlich des Zentralsterns befindet, konn-
te ein weiterer neuer Begleiter aufgelo¨st werden, welcher sich nord-o¨stlich vom Prima¨rstern
in einem Abstand von etwa 1Bogensekunde (≈ 500AE) befindet. Durch Kombination ver-
schiedener Beobachtungen und mit Hilfe der Eigenbewegung des Sterns konnte festgestellt
werden, dass es sich um einen physikalischen Begleiter handelt, was dieses System zum
ersten besta¨tigten hierarchischen Dreifachsystem im Zentrum eines planetarischen Nebels
macht. Durch die Kombination der gemessenen Absta¨nde mit verfu¨gbaren Literaturdaten
konnte die gravitative Verbindung von 86 stellaren Begleitern zu ihren Muttersternen nach-
gewiesen werden, wohingegen fu¨r 75 Begleiterkandidaten keine aussagekra¨ftigen Ergebnisse
aus der Eigenbewegungsanalyse gewonnen werden konnten. Des Weiteren wurden 33 po-
tenzielle Begleiter Kandidaten als Hintergrundobjekte identifiziert.
Die beobachtete Abstandsverteilung kann, a¨hnlich zu der bei sonnena¨hnlichen Sternen ge-
messenen, durch eine log-normal Verteilung beschrieben werden, welche allerdings mit einem
Ho¨chstwert der Verteilung von 214+38−24 AE signifikant zu weiteren Absta¨nden hin verschoben
ist. Die hier bestimmte Verteilung der Massenverha¨ltnisse genu¨gt einer power-law Funk-
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tion f (q) ∝ qΓ, wobei Γ ≈ −0.50 ist. Es wurden weiterhin deutliche Hinweise fu¨r eine
Abha¨ngigkeit des Massenverha¨ltnisses vom Abstand der Komponenten gefunden, mit der
Tendenz massena¨rmere Begleiter bei gro¨ßeren Absta¨nden zu finden. Die gemessene, unkor-
rigierte und allgemeine Begleiterha¨ufigkeit betra¨gt 51.3+2.8−2.8%, wa¨hrend eine Abscha¨tzung
ho¨herrangiger Mehrfachsysteme kombiniert mit Literaturwerten eine untere Grenze fu¨r die
Ha¨ufigkeit von Einzel-, Doppel-, Dreifach-, und ho¨herrangigen Systemen von 38.6+2.8−2.7%,
38.0+2.8−2.6%, 15.2
+2.2
−1.8% bzw. ≈ 8% ergab.
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List of Units
This thesis employs units of measurement which are commonly used in astronomy, but not
part of the SI unit system. In the following, these units are defined and their conversion to
SI units is given.
1 au (Astronomical Unit) is the mean distance between the Earth and the Sun.
1 au = 1.495 978 707× 1011m
1 pc (Parsec) is the distance from the Sun to an astronomical object which has a parallax
angle of one arcsecond.
1 pc ≈ 2.062 648× 105 au ≈ 3.085 678× 1016m
1 arcsec (Arc Second) is a unit of angular measurement equal to the 1 296 000th part of
a circle. 1 arcsec is also written as 1′′.





1mas (Milliarcsecond) is the 1000th part of an arc second.
1mas = 10−3 arcsec = π
648 000 000
rad
1M⊙ (Solar rest mass) is the current rest mass of the Sun.
1M⊙ = 1.9884× 1030 kg
1M⊙ ≈ 1047MJup
1R⊙ (Solar radius) is the equatorial radius of the Sun.
1 R⊙ = 6.96× 108m
1R⊙ ≈ 10RJup ≈ 109REarth
1 L⊙ (Solar luminosity) is the total energy irradiated by the Sun.
1 L⊙ = 3.828× 1026 J s−1
1MJup (Jovian rest mass) is the rest mass of Jupiter.
1MJup = 1.8996× 1027 kg
1MJup ≈ 9.55× 10−4M⊙
1RJup (Jupiter radius) is the equatorial radius of Jupiter.
1 RJup = 7.1492× 109m
1RJup ≈ 11REarth
1REarth (Earth radius) is the equatorial radius of the Earth.
1 REarth = 6.378× 106m

11 Introduction
The physical association of many stars in binary and multiple systems was already recognized
as early as in the 17th century. Since then, the technique of astronomical instrumentation
and the theoretical understanding of the processes occurring during the formation and evolu-
tion of stellar systems has made huge progress. However, there are still unresolved questions
needed to be answered to complete our picture of star formation and stellar evolution of
different stellar populations and in different environments. For instance, whether low-mass
stars and high-mass stars are formed by different processes, or whether star formation is
characterized by a universal multiplicity distribution, similar to the observed apparently uni-
versal Initial Mass Function (IMF), in the present day Universe, is still under debate.
Another important fact revealed by observations during the past decades, in particular ob-
servations of star-forming regions, is that almost all stars (70–90%) do form in cluster
(e.g., Lada and Lada 2003), and that the number of multiple systems within these clusters
is remarkably high. Thus, the understanding of star formation also requires to understand
the formation of multiple systems, from binaries to cluster, by means of both observation
and theory.
From the theoretical standpoint, the goal of a complete theory of star formation is the
understanding of the origin of all statistical properties of stellar cluster, stellar systems
themselves, proto-planetary discs and planetary systems, and how these depend on environ-
ment and initial conditions. Along with the more general properties such as the stellar IMF,
star formation rate and efficiency there are many more statistical properties that require
understanding. These are, for instance, the structure of stellar clusters and stellar velocity
dispersions, the properties of multiple stellar systems, jets, proto-planetary discs, and the
rotation rates and magnetic fields of stars (Bate 2009). In particular, the properties of bi-
nary, triple or higher-order multiple systems such as their multiplicity fractions (MF), their
companion star fractions (CSF), i.e. the average number of companions per target star,
which can exceed 100%, their distribution of mass-ratios, separations and eccentricities
have a huge impact on star formation theories, since these properties and their dependence
on the primary mass, age and environment should contain the imprint of the physical pro-
cesses that play a role throughout the lifetime of stellar populations (Kuiper 1935) and
therefore can serve as an important posteriori test for star formation theories. However, in
order to be able to compare the results of different theoretical binary formation scenarios
(e.g., Bonnell 1994, Stamatellos et al. 2011) or large numerical simulations (e.g., Bate
2009; 2012) empirically, it is necessary to survey binary properties of a large sample of stars
and on a large-scale parameter space, utilizing different companion detection techniques,
to cover all possible binary orbits and mass ratios.
From an observational point of view, there are various surveys that have been conducted
during the past decades to investigate the frequencies and multiplicity properties of different
stellar populations. Thereby two types of surveys are common, those limited by magnitude
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and those limited by a selected volume in space. However, magnitude limited surveys are
affected by an inevitable Malmquist-like bias (Malmquist 1922) and can also be affected
by selection biases such as preferences for less extinct and/or more massive, i.e. brighter,
targets (Ducheˆne and Kraus 2013), and therefore the community has shifted their attention
towards volume limited surveys, preferably.
The general trend of an increasing multiplicity fraction as function of the primary mass, as
it can be seen in both empirical and simulated data, is illustrated in Figure 1. The plot
shows a comparison of the multiplicity fraction as a function of the primary mass for dif-
ferent populations between hydrodynamical simulations of more than 1250 stars and brown
dwarfs by Bate (2009) and empirical data, plotted as open black squares from surveys of
Close et al. (2003), Basri and Reiners (2006), Fischer and Marcy (1992), Duquennoy and
Mayor (1991), Preibisch et al. (1999) and Mason et al. (1998), from left to right. Among
Figure 1. Multiplicity fraction as a function of the primary mass, reprinted from Bate (2009).
The results from the hydrodynamical simulation of more than 1250 stars and brown
dwarfs and their statistical uncertainties are shown as blue filled squares surrounded
by shaded regions. The open black squares with error bars and/or upper/lower limits
represent the observed multiplicity fractions from the surveys of Close et al. (2003),
Basri and Reiners (2006), Fischer and Marcy (1992), Duquennoy and Mayor (1991),
Preibisch et al. (1999) and Mason et al. (1998), from left to right. The red filled
squares and associated shaded regions give the multiplicity fractions excluding brown
dwarf companions (M < 0.075M⊙) to allow better comparison with the surveys of
Duquennoy and Mayor (1991) and Fischer and Marcy (1992).
nearby solar-type F to G main sequence stars the first, modern survey of a volume limited
sample was conducted by Duquennoy and Mayor (1991) and later revisited by Raghavan
et al. (2010), yielding a multiplicity fraction of at least 50%. For low-mass stars the in-
vestigation of M-type stars by Delfosse et al. (2004) currently represents one of the most
accurate surveys, with an estimated multiplicity fraction of about 25%. Very low-mass
stars (VLM) and substellar objects also have been subject to various surveys (e.g., Bur-
gasser et al. 2007, Reid et al. 2008). The fact that these types of objects are typically
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very faint, fast rotating and the presence of broad molecular bands in their spectra, makes
them difficult targets for both high-resolution imaging and spectroscopy. From a Bayesian
analysis of various input surveys Allen (2007) estimated the multiplicity fraction of VLM
field objects to be about 22%. Towards higher-mass stars the VAST survey of A-type stars
by De Rosa et al. (2014) and the investigations of the Scorpius-Centaurus (Sco-Cen) OB
association by e.g., Kouwenhoven et al. (2005; 2007) or Shatsky and Tokovinin (2002)
currently represent the most robust estimates on the multiplicity frequencies and properties
for intermediate ranges of stellar masses up to ≈ 5M⊙. The estimated frequency of visual
companion, thereby, ranges from about 37% for the Sco-Cen OB association (Kouwen-
hoven et al. 2005) to about 44% for A-type stars estimated by De Rosa et al. (2014).
Interestingly, the orbital period distribution of A-type stars appears to be bimodal, contrary
to lower-mass field binaries, with a peak among spectroscopic binaries around P ∼ 10 d
(e.g., Carquillat and Prieur 2007) and one for visual binaries around 390 au (De Rosa et al.
2014). Although high-mass galactic OB stars have been subject to numerous surveys and
intensive studies during the last decades (e.g., Zinnecker and Yorke 2007; and references
therein), their large distances from the Sun, large rotational velocity and the extremely high
brightness contrast requirements conspire to draw an incomplete picture (Sana and Evans
2011). As a result, the range of estimated frequencies is remarkably high. For instance, the
spectroscopic survey of galactic OB stars by Chini et al. (2012) yields a frequency of about
52%, whereas Sana et al. (2012) found a bias- and completeness-corrected frequency of
spectroscopic companions of about 70%. Imaging surveys for visual companions, on the
other hand, such as “all-sky” surveys (e.g., Mason et al. 2009, Turner et al. 2008) or sur-
veys of single cluster/associations (e.g., Peter et al. 2012, Preibisch et al. 1999) yield an
even broader range of frequencies and a consensus has emerged that the frequency of visual
companions over two decades of projected separations is about 45%. The best-estimate
multiplicity and companion star fraction numbers, reviewed and summarized by Ducheˆne
and Kraus (2013), are shown in Figure 2. Although incompleteness still precludes a proper
functional analysis, the known dependence of multiplicity frequency as a function of the
primary mass, i.e. a steep, monotonic function, is well reproduced.
Regarding their impact on the galactic chemical evolution and the physics of the interstel-
lar medium (ISM), in particular the stars with final masses greater than about 8M⊙, i.e.
main-sequence stars of spectral types O and B0 to B3, although low in number compared
to lower-mass stars, are extremely important as they evolve to become Type II supernovae
producing and ejecting a significant amount of the heavy-element material and UV radia-
tion in the Galaxy. O and B type stars are typically very young compared to other stars
with spectral type F or G, for instance, and hence most of them are found in or close to
their birth environment. The heavy elements, which act as cooling agents in the interstel-
lar gas, along with dynamical effects as a result of the UV radiation, strong stellar winds
and supernova remnants are thought, in some cases, to induce the formation of a new
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Figure 2. Multiplicity fraction (blue triangles) and companion star fraction (red sqaures) as
function of primary mass, reprinted from Ducheˆne and Kraus (2013). Shown are the
best-estimate numbers collected from various surveys (see text). The incompleteness
of the data towards higher-mass objects is accounted by showing only the lower limits
of the total multiplicity fraction found for the different populations.
nearby molecular cloud material, and hence suppress star formation. Thus, distinguishing
empirically between the frequencies of binary and multiple systems in field, “runaway”, or
cluster/association member stars would also be very valuable in terms of understanding
the dynamical interactions of these stars with their surrounding neighbourhood during their
formation and evolution.
Despite the numerous surveys available for B-type stars (e.g., Hubrig et al. 2001, Oudmaijer
and Parr 2010, Roberts et al. 2007, Scho¨ller et al. 2010), most of them typically include less
than 100 stars complicating a robust statistical analysis, and are largely tailored to a certain
sub-sample of B-type stars showing specific features, such as Be stars or B-type stars that
show high X-ray fluxes, although this is not expected. Especially the latter example can
induce severe selection biases as this peculiarity might be caused by multiplicity. Addition-
ally, most of the available surveys of B-type stars rely on unconfirmed visual companion and
hence the presence of unrelated background stars in the sample might biased their results.
In fact, there is no large comprehensive survey of B-type stars with sample sizes compa-
rable to the surveys of Raghavan et al. (2010), with 454 investigated solar-type stars out
to 25 pc, or the one by De Rosa et al. (2014), consisting of 435 investigated A-type stars
out to 75 pc, taking into account the results of searches for spectroscopic, interferometric,
visual and astrometric confirmed companions.
Therefore, this thesis was constructed to explore the frequencies and binary properties such
as the multiplicity fraction, companion star fraction, mass-ratio and separation distribu-
tion, respectively, of a volume-limited sample of B-type stars located within a distance
D ≤ 1 kpc around the Sun. The examined sample consists of public available data ob-
tained by diffraction-limited, near-infrared imaging with NAOS-CONICA (NaCo) at the
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10m class Very Large Telescope (VLT), located at the Paranal desert in Chile. Alongside
the search for previously unknown or unpublished companions in the VLT/NaCo archive
data, additional observations (2nd epoch imaging) have been obtained during this study
using NaCo in order to confirm or reject the identified companion candidates employing a
common proper motion analysis. As one goal of this thesis also is to fully characterize the
multiplicity status of all the investigated B-type stars, the results of this survey are finally
combined with the outcome of various observation techniques, as each of them is tailored
to a certain type of companion.
While spectroscopy is limited to companion at small separations, i.e. periods of less then
about 3000 days, and higher mass companions (q = Msec/Mprim > 0.1), interferometry
is capable of detection of companions at larger separations up to a few hundred milli-
arcseconds. However, this method is limited by the reachable contrast sensitivity, e.g., for
bright B-type stars low-mass companions of spectral type G or later are hardly detectable.
A powerful technique that can help to fill in the gap in coverage, between high-angular res-
olution and contrast sensitivity at the same time, are observations obtained using adaptive
optics (AO). In combination with large telescopes, such as the VLT, AO imaging is well
suited to cover a large separation range from about 0.1 arcsec to several arcsec, i.e. de-
pending on the distance of the star, about 10 up to several thousands of astronomical units,
hence orbital periods of a few years up to centuries. Along with its high-angular resolution,
down to the diffraction limit of the telescope, AO systems also provide an increased contrast
sensitivity, as they are operated in near-infrared wavelength ranges. Whereas stellar objects
of solar mass, or higher, are well detectable in both wavelength ranges, optical and infrared,
due to their large total luminosity, the situation is different for lower-mass stellar or even
sub-stellar objects. According to Wien’s displacement law (λmax ≈ 2898 µmK/Teff), the
radiation maximum of these objects is shifted towards infrared wavelengths with decreasing
surface temperature. Hence, low-mass objects are much easier to detect in the infrared
part of the spectrum rather than in the optical wavelength range. The dependence of the
absolute brightness as function of the stellar mass in the optical V band (λ ≈ 0.55 µm) and
the near-infrared K band (λ ≈ 2.19 µm) is exemplary illustrated in Figure 3. The graph
was compiled from evolutionary tracks by Bressan et al. (2012) for an age of 100Myr. The
plot demonstrates that the brightness, in particular those of low-mass objects, increases by
several orders of magnitude in the K band compared to the V band (≈ 8mag at 0.1M⊙
and 100Myr), but it also shows that the brightness difference between a low-mass stellar or
sub-stellar object and a more massive primary, such as a B-type star, is much lower in the
near-infrared compared to the optical wavelength range, and thus significantly simplifies
the detection of lower mass companions and consequently also systems with “extreme”
mass-ratios (q ≪ 0.1).
The structure of this thesis is as follows. In chapter 2 a brief overview on stellar formation
and evolutionary processes as well as a summary of the currently discussed processes in-
volved in the formation of binaries and higher-order multiple systems, such as fission, tidal
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Figure 3. Absolute brightness as function of stellar mass for optical (V = 0.55 µm; blue solid
line) and near-infrared (K = 2.19 µm; red solid line) wavelengths compiled from
evolutionary tracks by Bressan et al. (2012) for an age of 100Myr. The magnitude
difference between the wavelengths increases towards lower masses e.g., 8.2mag for
M = 0.1M⊙. While stellar objects are well detectable in both wavelengths, very
low-mass stellar or substellar objects can only be detected in the infrared wavelength
range.
capture or fragmentation, is given. In chapter 3, the general properties of the selected
volume limited sample of B-type stars and data acquisition are characterized, followed by
a detailed description of their reduction and astrometric calibration in chapter 4. Therein
a special point is made to the calibration of those sample data without known astromet-
ric calibration and an alternative approach for the estimation of the pixel scale and the
detector orientation is introduced. The data analysis is presented in chapter 5, including
object identification, astrometric and photometric analysis of companion candidates found,
estimation of physical parameter of both, primary and companion, as well as the analysis of
the multiplicity status of each object, either by common proper motion or on a statistical
base. The limitations on the observed sample and a completeness estimation of this survey
are described in chapter 6. The results are then given and discussed in chapter 7 and
conclusively summarized in chapter 8.
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Stellar evolution is subject to a vast number of books, publications and reviews (e.g., Bo-
denheimer 2011, McKee and Ostriker 2007, Shu et al. 1987, Zinnecker and Yorke 2007),
and therefore this chapter is intended to give only a general, summarized overview on the
current state of research on star formation and evolution, focused, in particular on the
processes before the star reaches the main-sequence.
Star formation and evolution involves several time scales which have an important bear-
ing such as the nuclear, free-fall or thermal time scale, also known as Kelvin-Helmholtz
time scale and their disparity is one of the reasons why stellar evolution and structure is
quantitatively predictable in large parts. The most important time scales involved in stellar
evolution and star formation are therefore firstly introduced and briefly characterized in
subsection 2.1.1. In subsection 2.1.2, a compendious description of the three major phases
of early stellar evolution – star formation involving molecular clouds or cloud fragments,
the protostellar collapse and the pre-main-sequence contraction – is given. As the primary
focus of this thesis is the multiplicity of stars, the suggested formation mechanisms of bi-
nary and multiple systems, such as fragmentation, fission or tidal capture, are highlighted
in section 2.2.
2.1 On the formation and evolution of stars
2.1.1 Time-scales
Star formation includes a vast range of length and times scales. For instance, the size of
molecular clouds, the birthplace of stars, is typically measured in parsec, while the size of
the end products, the stars, is measured in solar radii typically, which are several order of
magnitude smaller. A notable length scale, in this regard, is the so-called “Jeans length”,
i.e. the critical radius of a cloud where thermal energy is counteracted by gravitational
energy.
However, in particular the time scales have an important bearing as each of them is repre-
sentative for the different phases of stellar evolution. The range of the time scales involved
thereby is quite impressive, varying from seconds up to several Gyr for the main sequence
lifetime of stars, i.e. the time-scale on which a star converts its hydrogen to helium by
nuclear fusion. The time scales described below can be ordered in the following way:
tN ≫ tKH ≫ tff ,
where tN is the nuclear time scale, tKH is the Kelvin-Helmholtz time scale and tff is the
free-fall time scale, respectively.
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Nuclear time scale
The nuclear time scale tN, sometimes also called development time, describes how long a
star can sustain the conversion of hydrogen into helium by nuclear fusion in its core. It can
be readily estimated from the total amount energy available from fusion (EN) divided by the






The amount of energy released from fusion EN is given by EN = f ǫMc
2, where f is the
fraction of mass that is converted by fusion, ǫ is the efficiency of the matter-energy conver-
sion, M is the total mass of the star and c is the speed of light. For the sun, about 10%








≈ 1× 1010 years,
or in terms of solar units











In combination with the mass-luminosity relation for main-sequence stars L ≈ M4 for




As a consequence of the strong dependency on the stellar mass, a massive star with
M = 10M⊙ has a main-sequence lifetime of only 10Myr, whereas a low-mass star with
M = 0.1M⊙ remains on the main-sequence for 10 trillion years, i.e. much longer than the
current age of the universe with about 13.7 Gyr.
Kelvin-Helmholtz time scale
The Kelvin-Helmholtz time scale tKH, also known as potential or thermal time scale, refers to
the contraction phase of a protostellar object, i.e. an object with star-like properties, when
the object has heated up to a point where gas pressure can support it in equilibrium against
gravity, but nuclear fusion as source of energy is not yet available. At this point in time, the
only source of energy of a star that can be radiated away in a certain amount of time is its
gravitational or thermal energy. A slow contraction phase, in near hydrostatic equilibrium,
begins and the corresponding time scale on which the star can meet its luminosity on
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expense of the gravitational energy EG = GM
2(1/R) is in the order of
tKH ≃
∣∣∣∣EGL
∣∣∣∣ ≃ G · M2RL ,
where G is the gravitational constant1, M is the mass, R is the radius and L is the luminosity
of the star. For M = 1M⊙, the contraction time to the point where nuclear reactions are
established is about 3× 107 yr. In terms of solar units the Kelvin-Helmholtz time for any
other star can then be simply estimated by

















The free-fall time scale tff belongs to the dynamical time scales, and is directly related
to the stability of stars or molecular cloud cores that have become unstable to collapse
under gravity. In general, the dynamical time scale refers to a characteristic time for a
particular change to take place, for instance, small mechanical disturbances such as flares,
convection or even from in-falling comets. The free-fall time can be estimated in different
ways, however all give the same result within a factor of about two and therefore a rather
simple approach is given here, ignoring all dimensionless factors of order unity.
Assuming a spherical object of radius R and mass M , the gravitational acceleration on the








where G is the gravitational constant and ρ is the density with ρ ≈ M/R3. If it is
furthermore assumed that the particle starts initially at rest and the acceleration is constant,
it will reach the centre according to
R ≈ gs · t2.






For the Sun, tff is in the order of half an hour and hence, the free-fall time in terms of solar












1Constant of gravitation, G = 6.674 28× 10−11m3 kg−2 s−1
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Given the typical density of a molecular cloud core of about 100 H2 molecules per cm
3,
the core would collapse under gravity within the free-fall time in the order of a few times
105 years.
2.1.2 The early phases of stellar evolution
Based on the numerous observation astronomers have made it is commonly accepted that
stars are formed by gravitational collapse of diffuse interstellar gas clouds or parts of them.
The requirement that must be satisfied before a cloud or a fragment of a cloud can collapse
and form a star is the so-called “Jeans instability”, first derived by Sir James Jeans (Jeans
1928). A simple approach for an estimation of the instability requirement on a region in
an interstellar cloud, including all physical relevant effects, is that the absolute value of the
gravitational energy Egrav must exceed the sum of the thermal Eth, rotational Erot, turbulent
Eturb and magnetic energies Emag, and thus
|Egrav| > Eth + Erot + Eturb + Emag. (2.5)
Assuming an isothermal gas of uniform-density and considering only gravitational and ther-
mal effects, as Sir Jeans did, the requirement for a spherical configuration of gas to be
gravitational bound is given by ∣∣∣∣−35 · GM
2
R
∣∣∣∣ > 32 · ℜTMµ , (2.6)
where 3/5 refers to a uniform mass and consequently uniform-density distribution, ℜ is the
gas constant2, and µ is the molecular weight of the gas in atomic mass units. The equation




· GMµℜT > Rcloud, (2.7)
and hence, for a cloud of a given mass and temperature, the radius Rcloud must be smaller
than RJ to be unstable to gravitational collapse. An alternative estimate for the Jeans








≈ cStff < Rcloud, (2.8)
where cS is the isothermal speed of sound and tff is the free-fall time, described above.
The commonly used “Jeans mass”, i.e. the minimum mass that a cloud of given mass
(Mcloud = M(ρ,T )) must have to be unstable to gravitational collapse, can be estimated
eliminating R in favour of the density ρ from Equation 2.6, assuming again a spherical
2Ideal gas constant, ℜ = 8.314 459 8(48) Jmol−1 K−1
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Given typical values of T and ρ for gas, dust or molecular clouds, the minimum mass for
such a cloud to be unstable to gravitational collapse varies between a few hundred up to
thousands of solar masses. The fact that there are also stars with masses down to less than
1M⊙ can be explained by the breakup of the cloud into smaller pieces, i.e. fragmentation of
the cloud, whose details are briefly described in section 2.2 in connection with the formation
of binary and multiple systems. Considering only gravitational and thermal energies of
course only gives a very simplified picture of the collapse of a molecular cloud and for a
complete physical description the effects of rotation, turbulence and magnetic fields need
to be taken into account.
There are at least three different scenarios, that are currently discussed to play a role in
star formation theory, and by which the cloud core is bought to the onset of star formation.
The first is magnetically controlled star formation. The criterion for the collapse in the









where the constant depends on the details of the geometry. If pre-stellar cores are magneti-
cally sub-critical, i.e. the ratio of the actual value M/φ to the critical value is less than one
or, in other words, they have less mass than the magnetic Jeans mass, they can contract
in quasi-equilibrium, and bring the densest central regions to the point of collapse through
the process of ambipolar diffusion. The related time scale tAD can be estimated by










where nH2 is the density of neutral molecular hydrogen, B is the magnetic field and R is
the radius of the cloud core. Given typical values the required time scale to produce cloud
cores in this picture is relatively long, about 10 free-fall times, but it can be shortened
if turbulence is present and there are local strong compressions of material. The main
problem here is that most, but not all, cores have been observed to be supercritical, in
which case ambipolar diffusion will still occur but will not control the star formation rate.
A second possible scenario is turbulence controlled star formation, meaning that in su-
personically turbulent regions, shocks of various strengths can compress randomly located
regions to high enough density for long enough times so they become Jeans unstable and
begin to collapse. On more global scales, on the other hand, the turbulence is the primary
mechanism that supports most molecular cloud regions against gravitational collapse. The
time scale for star formation in the turbulence picture is in the order of 1Myr, which can
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explain numerous observations. Despite this advantage, there are some problems in regard
of this scenario such as the requirement of very special properties of the turbulence to ob-
tain reasonable efficiencies of star formation, or that turbulences decays on the time scale
of one crossing time, which requires a mechanism that can continuously regenerate it. A
third possible scenario by which the cloud core is bought to the onset of star formation is
the induced (“triggered”) star formation. In this scenario an intrinsically stable to collapse
interstellar cloud can be compressed by some external agent, resulting in a reduction of
their Jeans mass to a point where they are forced into collapse. Such external “triggers”
can be galaxy-galaxy mergers as well as the galactic spiral arms on large scales, and smaller
scale processes induced by supernova shock waves, expanding HII region, by cloud-cloud
collisions, or the sweeping up of dense shells and clumps of gas by massive-star winds. The
time scale for triggered star formation is given by the shock crossing time and can be as
short as 105 yr. Although there is some evidence that induced star formation has occurred,
it is still thought, however, that only a small fraction of the observed star formation rate
can be accounted by induced processes.
The second phase of early stellar evolution, the protostellar phase, starts when the mass of
the core of a molecular cloud exceeds the thermal Jeans mass, and other physical processes
such as magnetic forces, turbulences and rotational effects have become dynamically unim-
portant. The protostellar collapse can be basically divided into three phases, an isothermal
collapse, an adiabatic collapse and an accretion phase, which are described here in the
spherical case. The physical description of protostellar collapse, thereby, is based on some
initial conditions for a spherical protostar in a molecular cloud core, such as an isothermal
core at T ≈ 10K, a mass of about 1 to a few solar masses, a radius of 0.05–0.1 pc, and
the form of the density distribution, which could be uniform, a power-law with ρ ∝ r−n or
a Bonnor-Ebert sphere (Bonnor 1956, Ebert 1955) with a flat density distribution in the
centre, but approaching ρ ∝ r−2 in the outer regions.
At the beginning of the isothermal phase, when the opacity κ from dust grains is below
1 cm2 g−1, the density ρ is about 10−19 g cm−3 and the size R is about 1017 cm, the optical
depth τ ≈ κρR is much less than 1, and thus the energy released by contraction is radi-
ated away almost freely and the temperature remains approximately isothermal a 10K over
several orders of magnitude increase in density. The time scale for the isothermal phase is
given by the the free-fall time, which falls in the range 1–2× 105 yr assuming the standard
initial conditions from above. The approximate in-fall rate of material during this phase is
given by M˙ ≈ Mcore/tff , or M˙ ≈ const. × c3S/G , where cS is the speed of sound and G
is the gravitational constant. For the isothermal sphere (Tinit = 10K) the in-fall rate M˙
is roughly constant in time at a typical value of 2× 10−6M⊙/yr (e.g., Larson 1969, Shu
1977).
Spherical collapse, with the temperature fixed in time and space, is governed by the equa-
tion of motion of mass elements, mass conservation and the isothermal equation of state.
These equations are sufficient to specify the solution for ρ, r , and P as function of (m, t),
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whereat the solution is subject to the inner boundary condition m = 0 at r = 0 and the
outer boundary condition that either the pressure is constant in time or that the radius is
fixed with zero velocity at the outer surface.
One possible solution was obtained numerically by Larson (1969), starting from near the
Jeans limit for an isothermal sphere of 1M⊙ and initially uniform density, and therefore
uniform free-fall time. Even in this case the inner region increase their pressure relative
to the surface value, which is constrained by the outer boundary condition. Thus, a pres-
sure gradient is set up and the rarefaction wave generated at the boundary of the region
that has this gradient propagates inwards at the speed of sound relative to the velocity of
the in-falling material. In the limit of long times the result is a very centrally condensed
configuration with ρ ∝ r−2 outside a central plateau indicating that the collapse evolves
towards a steady state, with a constant mass accretion rate of material, at any radius, into
the density peak. Once the gradient in pressure and density is established, the collapse is
no longer a true free-fall, and the evolution becomes far shorter in the central regions than
in the outer regions.
Another possible solution was obtained by Shu (1977), assuming a singular isothermal
sphere with a power-law density distribution profile ρ ∝ r−2. In this scenario the dynamical
time is shortest at the centre, and thus the collapse begins there and the rarefaction wave
spreads outwards rather than inwards at the speed of sound. This situation is known as
“inside-out collapse”. The accretion rate in this scenario is approximately constant with
time and similar to the value obtained by Larson (1969) as long as the r−2 profile is main-
tained. Please note that at later phases of the collapse, on scales smaller than 1014 cm,
this profile changes.
Once the optical depth in the central regions exceeds unity, which corresponds to a density
of about 10−13 g cm−3, the isothermal approximation no longer holds, because the energy
released by the compression of the gas can no longer be radiated freely by the dust. The
heating of the gas, thus results in a temperature gradient, and it rapidly becomes optically
thick, because opacity increases with temperature. After a short period of readjustment
due to excitation of the rotational degrees of freedom in the H2 molecules, the collapse
approaches an adiabat. During this phase the photo diffusion time scale is longer than the
free-fall time (tdiff > tff), and hence the radiation released from the material is not able to
escape but is carried along with the in-falling material. The radiative diffusion time scale
(Shu 1991), representing the time for photons to diffuse by random walk over a distance





where c is the speed of light. As heating progresses, the forces produced by the pressure
gradient exceeds that of gravity, the collapse slows down and a small amount of mass
in the centre approaches hydrostatic equilibrium, called the first core. It has a mass of
≈ 5× 10−2M⊙, and a radius of about 5 au. Outside the core a shock wave forms at its
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outer edge as the in-fall velocities become supersonic with respect to the slowly compressing
core material. However, before the core has had the chance to accumulate much mass, it
further contracts to a density of about 10−8 g cm−3 and T = 1600K, where H2 begins to
dissociate. The energy per molecule H2 needed in this process is 4.48 eV, while the thermal
energy of a H2 molecule is only 0.78 eV. Hence most of the gravitational contraction energy
can be absorbed through the dissociation of a small fraction of the total molecular hydrogen.
As a consequence, the temperature rise becomes more moderate, and the pressure gradient
can no longer balance gravity, leading to a second collapse in the centre of the first core.
The collapse continues over several orders magnitude in density, until most of the H2 is
dissociated in the very centre. Due to the rapidly increasing pressure at the centre, the
material in this second collapse regains equilibrium after the dissociation has completed, a
second stellar core forms. The density at this time has increased to about 10−2 g cm−3 and
the temperature reaches about 20 000K. The initial mass of the second core is only about
10−3M⊙, and most of the mass of the protostar is still in the outer isothermal regions, at
densities of 10−18–10−19 g cm−3. The second (stellar) core again develops a shock front at
its edge, with a radius of only a few R⊙, by which it gradually builds up to become a star.
This third phase of protostellar evolution, the accretion phase, involves the collapse of the
remaining protostellar material onto the second (stellar) core. During this phase the total
energy irradiated from the protostar can be written as
L = Lint + Lacc, (2.13)
where Lint is the energy released from the interior of the gravitational collapsing core, and
Lacc is the accretion luminosity generated by the in-fall kinetic energy of the material falling
into the accretion shock at the outer edge of the stellar core. Assuming that all the in-fall





For a low-mass star with a core of 0.5M⊙ at 3 R⊙ and Lint = 1L⊙, typical of the main
accretion phase, the thermal contraction time of the core is about 3Myr, while the accre-
tion time scale tacc = Mcore/M˙ , for such a core, is about 2× 105 yr. Thus, in this case,
the accretion time is much smaller than the contraction time of the core and because the
core is compressed adiabatically, only little radiation escapes from the interior. The result
is that L is almost completely supplied by Lacc. If this inequality is reversed, which is the
case for higher-mass stars, the star evolves through the Hertzsprung-Russell diagram while
accreting and L ≈ Lint. The energy released at the shock front then propagates outward on
the diffusion time scale which now becomes much shorter then the accretion time. Thereby
it first passes an optically thin region just ahead the shock. Farther out, the radiation is
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absorbed, re-radiated and thermalized in the optically thick dusty in-falling region. The
outer edge of this region, where the dust optical depth is unity, known as dust photosphere,
represents the “visible” surface for a distant observer. For a given frequency ν the dust pho-
tosphere occurs at an inward integrated optical depth τν =
∫
κνρdz = 2/3, where z is the
distance inward from the edge of the protostar. Typical temperatures for this region range
from 100 to 300K, hence the observable radiation lies in the infrared wavelength range.
Calculations for the main accretion phase show that the radius of the shock front remains
nearly constant at 2–3R⊙. The radius of the dust destruction front, the region where the
temperature is high enough to evaporate dust (roughly 1500–2000K) also remains nearly
constant at about 1 au but dependent on the accretion rate. The “mean” photosphere,
however, averaged over frequency, is located at about 10 au for typical parameter, because
its radial position is strongly dependent on frequency.
When accretion has come to an end and a large fraction of the gas is fully ionized, the
pre-main-sequence (PMS) phase begins, and the star starts a slow contraction towards the
main-sequence, in near hydrostatic equilibrium. The characteristic time scale for this phase
is the Kelvin-Helmholtz time tKH, whose length is in the order of a few 10
7 yr for a solar
mass star. At this point the mass accretion rate M˙ for low-mass stars drops to very low
values (typically M˙ . 10−7M⊙/yr), and the stellar mass remains practically fixed. The
stellar luminosity, i.e. the energy released during this phase, is dominated by the gravita-
tional energy ensured in the contraction while the energy generated from the accretion of
material becomes negligible. At this point in their evolution the protostars become optical
visible in the Hertzsprung-Russell diagram (HRD) on a well defined line, the “birth-line”
(e.g., Stahler and Palla 2005).
Theoretical calculations of the pre-main-sequence evolution show that a star of a given
mass first passes through a convective phase while evolving towards the main-sequence,
known as Hayashi track (Hayashi 1961). It is defined as the locus in the HRD where a
star of given mass and radius is fully convective, depending on its mass, composition and
the opacity in the radiative surface layer. The region to the right of the Hayashi track is
“forbidden” for stars of given mass in hydrostatic equilibrium, at any phase of evolution,
including the red giant phase. However, objects which are not in hydrostatic equilibrium,
such as variable stars or contracting protostars, can exist in this forbidden region.
During the convective phase, energy transport in the interior is very efficient, and the rate
of energy loss is controlled by the thin radiative layer at the stellar surface, the photosphere.
The opacity in the relatively cool photosphere is a strongly increasing function of the tem-
perature, mainly due to H+ and molecules. The increase in the radiative opacity forces
the radiating surface farther away from the inner boundary, causing the effective tempera-
ture to remain almost unchanged. As the surface area decreases, the luminosity drops and
Teff stays nearly constant between 2000–4000K. Upon further contraction of the star, the
interior temperature increase and in most of the star the opacity decreases as a function
of T . Once the adiabatic gradient ▽ad starts to exceed the radiative gradient ▽rad, the
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star becomes stable against convection, gradually forming a radiative region starting at the
centre. When this region includes about 75% of the total mass, the rate of energy release
no longer is controlled by the photosphere, but rather by the opacity of the entire radiative
region. The evolutionary path towards the main-sequence, during this radiative phase, is
known as Henyey track (Henyey et al. 1955), along which the temperature increases rapidly
while the increase in luminosity is relatively moderate as the star contracts.
The pre-main-sequence evolution times of a star, as already mentioned, starting at the birth
line, depends on its mass. For instance, the total pre-main-sequence time for a star of 1M⊙
is about 4× 107 yr. During this time, the star spends about 107 yr on the Hayashi track.
For the next 2× 107 yr, the star is primarily radiative, evolving along the Henyey track.
The final 107 yr of the contraction represents the transition to the main-sequence. During
this phase the contraction slows down as the primary energy source switches to nuclear
reactions starting at the centre and the luminosity declines slightly. In case of masses below
1M⊙ the convective phase begins to dominate the evolution towards the main-sequence
and stars of 0.3M⊙ and less remain fully convective all the way to the main-sequence,
which, for instance, takes a star of 0.1M⊙ about 10
9 yr.
For higher-mass stars the situation is different. They actually can reach the main-sequence
before the accretion phase has ended, and hence the mass at which the star arrives at the
main-sequence depends on the accretion rate. The time scale for a high-mass star to reach
its final mass is therefore best estimated from the accretion time, which, for instance, is
5× 105 yr for a final mass of 5M⊙ accreting at 10−5M⊙/yr.
An observational classification of early stellar evolution, from the earliest phase to its
end on the Zero-Age-Main-Sequence (ZAMS) was introduced by Charles J. Lada in 1987
(Lada 1987, Lada and Kylafis 1999). His original classification of young stellar objects
(YSO‘s) contains three classes, overlapping the protostellar collapse phase and the pre-
main-sequence contraction, and is based on the spectral energy distribution (SED) long-
ward of 2 µm. Later, this classification was complemented with a Class 0 (Andre et al.
1993), which appear to correspond to protostars at an even earlier evolutionary phase than
that represented by Class I objects. One criteria for Class 0 is that the mass of the envelope
is greater than the mass in the central hydrostatic region. Their SED is comparable to a
black-body with temperatures of 15–30K and a peaks near 100 µm. Class I objects, on the
other hand, have less mass in their envelope than in the central regions. These objects,
also known as “embedded” IR-sources or candidate protostars, have SED which are broader
than that of a single black body and peak at far-infrared or submillimeter wavelengths. For
Class II sources the SED is broader than that of a single black body with a significant
continuum excess emission in the UV and IR. The shape of the infrared portion of Class II
SED‘s suggests that the infrared excess arises in an optically thick circumstellar disk. This
class of objects is observable in the optical and they are often called T Tauri stars (TTS)
in case of low-mass stars (M < 1.5M⊙), or Herbig-Ae/Be stars (see e.g., Herbig 1960) in
case of intermediate mass stars with spectral type mid-B to late A (1.5M⊙ < M < 8M⊙),
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respectively. Class III objects, finally, have a spectrum close to that of a black body of
single temperature and show little or no evidence for excess IR radiation or dust. These
class of objects are supposed to be either young main-sequence (MS) stars or weak line T
Tauri stars (WTTS; Herbig and Bell 1988), without indications of an optically thick disk.
Above the idealized case of the spherical symmetric collapsing protostar was described. It
is clear, however, that this rather simple model is not consistent with the observations of
most protostars, and hence additional effects must be included. In particular the effects
of rotation is crucial and needs to be considered as there is a requirement of significant
transfer of angular momentum out from the material that eventually ends up in the star.
There are various physical processes operating at different phases of stellar evolution that
can contribute to the solution of the angular momentum problem such as magnetic braking
in the molecular cloud phase, the formation of disks and binaries or multiple systems during
protostellar collapse and stellar winds, gravitational or magneto-rotational instability after
the disk has formed.
Disc evolution may be divided into a formation stage, a viscous stage and a disk dispersal
(clearing) stage. In the first stage, which lasts about 2–5× 105 yr, the disk structure is
build up from the in-fall of material from the protostellar cloud and observationally this
stage may be identified with Class 0 and Class I sources. Also, the initial mass of the
disk may be relatively high, so that it already becomes gravitationally unstable right after
formation and can undergo a rapid process of mass accretion onto the central star. In the
second stage, known as viscous stage, the angular momentum in the disk is redistributed
due to internally generated torques, for example, those arising from turbulent viscosity in
the presence of a magnetic field. The disk then evolves, with both accretion of matter onto
the star and the spreading of the outer regions of the disk, while the disk is still accreting
gas from molecular cloud core. The lifetime of this stage is approximately 106-107 yr and
usually identified with Class II objects, which exhibit a photo-spheric spectrum along with
infrared excess due to the dust emission in the disk. During the final clearing stage the disk
either is blown away by the action of irradiation from the central star or external sources,
blown away by a stellar wind, accreted onto the star, accumulated into protoplanets, or
disrupted by external encounters. For a more detailed description of disk evolution and the
processes by which the disk can disappear see for instance Bodenheimer (2011).
2.1.3 Formation of high-mass stars
The evolutionary processes described above refer to the early evolution of stars with masses
around 1M⊙, and although there is no sharp distinction between the formation of mas-
sive stars, with masses above 8M⊙, and low-mass stars, there are significant differences
between the two cases. First, for massive stars tKH is less than the accretion time of the
envelope (tacc ∝ M/M˙), and thus the core can reach the main-sequence while accretion
from the surrounding envelope is still ongoing. Second, the protostellar evolution time is
not much different between high-mass and low-mass stars, and thus the mass accretion
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rate M˙ of high-mass stars must be significantly greater than that of low-mass stars, and
third, when the massive stellar core approaches the main-sequence, radiative acceleration
in the in-falling envelope, arising from radiation interacting with the dust, becomes more
important than gravity, while in low-mass star formation gravity always dominates in the
in-falling envelope.
There are basically two models which are under ongoing debate regarding the formation
mechanisms of massive stars, namely the monolithic collapse (core accretion) and the com-
petitive accretion (Bonnell et al. 1997; 2001). Here only a summarized overview is given,
and for a more detailed review of massive star formation see e.g., Bodenheimer (2011), Tan
et al. (2014), Zinnecker and Yorke (2007).
In the monolithic collapse picture, supersonic turbulences in molecular clouds, in a region
that is overall stable to gravitational collapse, produces occasional high-density fluctuations
which can form molecular cloud cores of ∼ 0.1 pc size and then collapse as single, perhaps
as binary, massive star. Thus, in this model, fragmentation occurs first, then collapse, and
there is only little interaction between cores once they have formed. This picture has several
consequences, which turn out to be in good agreement with observations. First, the initial
mass function (IMF) is essentially already determined by the process of fragmentation of
the cloud clump to form cores, and hence the observed core mass function should be very
similar to the observed IMF (e.g., Beuther and Schilke 2004, Motte et al. 1998). Second,
the fact that the cores in this model are non-interacting suggests that the star formation
efficiency in a given clump should be relatively low, i.e. only a small fraction of the clump
actually evolves to cores that are gravitationally unstable (Zuckerman and Evans 1974).
And third, in young systems, the spatial and velocity distribution of young stars and cloud
cores should be similar (Krumholz and Bonnell 2009).
The competitive accretion model otherwise is based on the premise that massive star for-
mation is controlled by the overall collapse of a much larger region, containing initially gas
with several thousand solar masses. Thus, in this picture, the overall collapse occurs first,
then the fragmentation into a cluster of stars, containing high-mass and low-mass mem-
bers, takes place. Individual fragments do form at low mass and compete for the remaining
gas, and also there can be dynamical interactions between the various cloud fragments.
This model also implies the formation of a massive star in the centre, since as the cloud
collapses and develops a gravitational potential well, a significant amount of gas can be
funnelled towards the centre, and in fact it is observed that massive stars are found to be
preferentially located near the centre of cluster. However, it is not clear whether they have
formed there or if they have settled to the centre after formation as a result of dynamical
interactions with other surrounding stars.
The major advantages of the competitive accretion model are, first, that it considers the
massive star formation problem in the context of cluster formation. Second, it is able to
predict an initial mass function also consistent with observations, if the physical effects of
radiative feedback and magnetic fields, both of which tend to suppress fragmentation, are
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taken into account. And third, it can be used to explain the observed properties of binary
and multiple systems. Whether this process or the monolithic model dominates is yet to
be worked out, but the structure of the observed molecular clouds could account for both
possibilities.
2.2 The formation of binary and multiple systems
Observational studies of stars and their properties obtained in the last years indicate that
the majority of stars are formed in binary or multiple systems and also that they form very
early in the history of a star. The challenge from the theoretical point of view is to explain
observational facts such as the non-negligible occurrence of multiple systems, the present
day overall binary frequency and its variation with primary mass and the distributions of
period, eccentricity and mass ratio among the individual binary. In addition to that, obser-
vations show that most of the stars are formed in clusters and the complicated interactions
between stars and between stars and gas, respectively, require massive numerical simulations
(e.g., Bate 2009) to account for the details of binary properties deduced from observations.
However, the range of input parameter is wide and the results often depend sensitively on
them. Thus, the theory is not yet at a point where it can fully explain the observed variety
of binary properties. Furthermore there remain significant physical effects to be explored,
such as feedback on the cloud from outflows and radiation from the stars that have been
formed (Krumholz et al. 2005). Also the role of magnetic fields in regulating the proto-
stellar collapse and fragmentation phase must be explored in more detail. In particular the
formation of close binaries with periods of only a few days and separations of only a small
fraction of au is still a major issue.
The main binary formation mechanism which are currently under study and summarized in
the following are fragmentation occurring either in a collapsing cloud or as a result of disk
instability, capture and fission.
Fragmentation and disk instabilities
Fragmentation which basically refers to the breakup of a rotating protostar during the hy-
drodynamical collapse phase, was originally proposed by Hoyle (1953). He simply argued
that an isothermal collapsing cloud, originally unstable on a large scale, can become dynam-
ically unstable on progressively smaller scales because the density increases during collapse,
i.e as the density increases and the temperature remains nearly constant, the thermal Jeans
mass decreases. However as pointed out by Low and Lynden-Bell (1976) there is a lower
limit to fragmentation due to the fact that once the centre of the cloud becomes optically
thick, the temperature, and consequently the Jeans mass, starts to increase. Various the-
oretical calculations show that, depending on the dust opacity, the lower limit to the mass
of a fragment is at about 7 to 10 Jupiter masses.
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Fragmentation can occur in various forms such as during the collapse of an isolated, rotat-
ing, low-mass core, producing a binary or a small multiple system with separations ranging
from 100–1000 au, or as fragmentation of a higher-mass core, leading to the formation of
a small cluster and a much wider range of binary properties.
The results of such numerical calculation indicate that fragmentation during a rotating
collapse is most likely the dominant mechanism in the formation of binary and multiple sys-
tems. A variation of the fragmentation process is triggered fragmentation by cloud-cloud
collisions (Pringle 1989) with the angular momentum of the orbit arising from the initial
condition of an off-centre collision. A numerical calculation of such a collision was done for
instance by Kitsionas and Whitworth (2007) in which the outcome was a single star with
a circumstellar disk. However, only a slight change in the initial condition, an increase in
the relative velocity of the two clouds from 1 km s−1 to 2 km s−1, already results in the for-
mation of two protostars of nearly same mass with circumstellar disks, which later capture
each other into a binary with a circumbinary disk (Kitsionas et al. 2008).
Finally, disks that form around young stars itself can become gravitational unstable and
possibly fragment, under the right conditions (Adams et al. 1989) and can produce stellar
mass secondaries or possibly giant planets if the disk is massive and cool enough and if the
Toomre Q parameter (Toomre 1964) is ≈ 1. This parameter is as indicator of gravitational





where Σ is the surface density and κ is the so-called epicyclic frequency, which reduces to
κ = Ω for Keplerian rotation. If Q is less than one, the material is locally unstable to
an axisymmetric gravitational perturbation resulting in a dense ring-like configuration. An
other basic requirement, however, for a disk to fragment is that the cooling time has to be
comparable or shorter than the orbital time (Gammie 2001), because otherwise in fact the
disk will heat up as result of the instability and remain stable to fragmentation.
Capture
The capture process, in general, requires some mechanism of energy dissipation. This pro-
cess was first suggested in 1867 by Stoney (see Aitken 1935), although Laplace (see Tassoul
1978) already proposed in 1796 that binaries may form from separate stellar nuclei during
star formation and that this nuclei then somehow came into orbit. However, the physics
behind this picture never was fully explained and therefore it might be only assumed that
the nuclei are combined by capture.
Capture of two independently formed star into orbit in principle is possible through mech-
anisms such as, first, three-body capture, i.e. a third body is present to take away excess
energy, producing wide separations, or second, if the encounter of the stars is close enough
so that energy is taken away by tidal dissipation. This two-body tidal capture produces
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very close separations. A third mechanism due to which two independently formed stars
can come into orbit is the presence of a dissipative medium such as residual gas, ambient
in a newly forming cluster or in form of a circumstellar disk. This process produces sepa-
rations comparable to the disk outer radius. Considering only the processes of three-body
capture and two-body tidal capture, the expected capture rates in the galactic disk or in
even young dense cluster have been shown to be far too slow to explain the observed binary
frequency (Boss 1988). Although the presence of residual gas could change the picture,
capture occurs only in a limited range of circumstances (Clarke and Pringle 1991), because
stellar encounters with disks could also result in truncating or ejecting the disk.
Given typical distances in the galactic disk capture is unlikely under normal circumstances
and therefore its role must be investigated through detailed numerical simulations of clus-
ter formation where fragmentation could produce protostars with typical separations that
are close enough for captures to occur. Although N-body simulations of interacting point
masses indeed can result in capture, the results of such simulations have shown that they
are extremely sensitive to changes in the initial conditions and that a wide variety of or-
bital parameter and eccentricities is possible. In addition to that, the gas plays a very
important role in actual cluster formation, so the capture process must be simulated by full
three-dimensional hydrodynamic calculations as, for instance, done by Bate et al. (2002).
However, the description of the results of such simulations in regard of the capture process
is complicated, because other processes are active as well.
Fission
The third process, fission, is quite distinct from fragmentation, as it occurs in configurations
which are assumed to be already in hydrostatic equilibrium, while fragmentation refers to
the breakup of a rotating protostar during the hydrodynamical collapse phase. Historically,
fission is attributed to Kelvin and Tait in 1883 (Tassoul 1978) and was strongly advocated
by Jeans (Jeans 1928).
Assuming conservation of angular momentum a star tends to spin up, as it accumulates
gas during the protostar collapse, or as it contracts towards the main sequence after disk
accretion has been completed, i.e. the ratio β of the rotational energy to the absolute value
of the gravitational energy increases. When β obtains a critical value, the star becomes
unstable to non-axialsymmetric perturbations and it is hypothetically possible that then a
breakup into orbiting sub-condensations occurs which would produce close binaries, because
only a small amount of angular momentum can be stored in a star.
The process of fission, however, has some major problems as pointed out by Tassoul (1978),
for instance. First, the observed rotation rate of T Tauri stars is very slowly, and thus they
have far too little angular momentum to reach a point of secular or dynamical instability.
Second, the required binary mass ratio of ∼ 1 : 10 by angular momentum considerations is
in disagreement with observations. If the result of fission were a system with comparable
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masses, and if conservation of angular momentum is assumed, the stars would overlap in
space. Third, even if the critical β for dynamical instability were reached, numerical calcula-
tions in fact show that an initially axisymmetric object deforms into a triaxial configuration.
However, fission does not occur due to the transfer of angular momentum out from the
core by spiral waves, so that β is reduced below the critical value.
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3 Data Sample and Acquisition
For the investigation of the frequency of multiple B-type stars, the distribution of their
separations and mass ratios, and the search for unknown companions, this thesis utilizes
data obtained in a dedicated observation program at the Very Large Telescope at the
European Southern Observatory (ESO) in Chile, as well as publicly available archive data.
In section 3.1 the used instrument and its characteristics are briefly described. The details
of the selected target sample are characterized in section 3.2. The properties of the data
taken from the public archive and the new observations are discussed in section 3.3.
3.1 NAOS-CONICA at the ESO Very Large Telescope
This thesis is focused on data obtained with the Nasmyth Adaptive Optics System (NAOS)
and the COude´ Near Infrared Camera (CONICA). NAOS-CONICA, or short NaCo, is cur-
rently mounted at the Nasmyth A focus of the Unit Telescope 1 (UT1) ”Antu”. From
2001 through 2013 it was installed at the Nasmyth B focus of UT4 ”Yepun”, one of the
four 8.2m telescopes of the ESO/VLT located at Cerro Paranal, near Antofagasta in the
Chilean Atacama desert. The instrument is briefly described below. Detailed information
on NaCo and its on-sky performance can be found in Girard et al. (2010), Lenzen et al.
(2003), or Rousset et al. (2003).
The adaptive optics (AO) system NAOS is equipped with two wavefront sensors of the
Shack-Hartmann type3, one operating in the visible (0.45–1 µm) and one in the near-
infrared (0.8–2.5 µm) wavelength range. The measured wavefront distortions, due to the
effects of atmospheric turbulence, are used to calculate real-time corrections of the wave-
front which are then applied via a tip-tilt mirror and a deformable mirror, containing 185
actuators. NAOS also contains 5 dichroic filters which split the incoming light from the
telescope between one of the NAOS wavefront sensors and the CONICA detector. One
of the main characteristics for the achieved image quality is the Strehl ratio. It basically
corresponds to the percentage of light contained in the diffraction-limited core of a source
relative to its total flux. For good seeing conditions (. 0.8 arcsec) and a sufficiently bright
(V ≤ 10mag), nearby point-like reference source (up to 55 arcsec) the Strehl ratio can be
as high as 50% in the K band (Girard et al. 2010).
The adaptive optic NAOS is operated together with the infrared imager and spectrograph
CONICA and was equipped with an InSb Aladdin 3 array4 of 1024×1026 pixels during
May 2004 and September 2013. The detector is sensitive to wavelengths from 0.8 µm to
5.5 µm and capable of imaging, spectroscopy, polarimetry and Sparse Aperture Masking
3A Shack-Hartmann wavefront sensor is an array of lenses (lens-lets) focused on a CCD array, which
allows measurement of the focal position on the sensor for each lens. From this the local tilt of the
wavefront can be determined and used for corrections.
4Since the recommissioning in December 2014 on UT1, the CONICA detector has been replaced with an
Aladdin 2 array from the ISAAC instrument.
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observations. The optical path of the instrument includes several wheels which can be se-
lected depending on the used observation mode. Among others there are wheels containing
polarizers, grisms, the different filter, e.g., JHK s broad band, or narrow band (NB) and
intermediate band (IB) filter, respectively, and the various camera objectives. Each camera
has a corresponding field mask with a characteristic plate scale, field of view (FoV), and
selectable filters summarized in Table 1. NaCo also offers different readout and detector
Table 1. Characteristics of the used cameras of CONICA.
Camera Pixel Scale FoV Filter Spectral Range
(mas/pixel) (arcsec2) (µm)
S13 13.221±0.017 14×14 JHK s, NB , IB 1–2.5
S27 27.053±0.019 28×28 JHK s, NB , IB 1–2.5
SDI+ 17.250±0.060 8×8 H 1.6
Notes. Scale and relative errors for S13 and S27 were measured by B. Sicardy
using Pluto’s motion against field stars, using an accurate Pluto ephemeris.
The 1-sigma errors were obtained by χ2 tests, with stellar trails.
modes. The readout mode defines the read-out sequence, e.g., Double RdRstRd, i.e. that
the array is first read than reset and read again. The detector mode refers to the array
bias voltage; the well depth and the number of hot pixel are directly related to it. The
readout mode is chosen depending on the background. For observations in the IR, the sky
background becomes high and variable compared to observations in the optical. The sky
background below ∼2.2 µm is dominated by OH emission that originates at an altitude of
∼80 km, whereas at longer wavelengths the thermal background of the atmosphere and
the telescope dominates. The standard practice which is mostly used for JHK s observa-
tions with the S13 or S27 camera, is the jitter or, more precisely, the dither technique.
This imaging technique basically consists of taking several images with small offsets in the
telescope position between each exposure. These offsets are typically in the order of a few
arc-seconds. The sky background is then estimated from the combination of all observa-
tions.
Alongside the observation modes using the dither technique, NaCo offers more exclusive
imaging modes such as Simultaneous Differential Imaging (SDI, Marois et al. 2000, Racine
et al. 1999). SDI exploits the fact that extra-solar giant planets have strong CH4 (methane)
absorption beyond 1.62 µm in the near-infrared (NIR) H band atmospheric window. By ob-
taining 4 simultaneous images through 3 slightly different filters sampling both inside and
outside the CH4 feature, the limiting Speckle-noise floor can be significantly suppressed
allowing the detection of very faint planetary-mass companions at close separations to the
primary star.
3.2 The Data Sample
The investigated sample of B-type stars was constructed from a volume limited set of stars





















Table 2. B-type star target sample information. The full overview is presented in Table A1.
HIP Spectrala Plx µα cos δ µδ B V J H K s Age ≈Mass 2MASS sourcesc
type (mas) (mas/yr) (mas/yr) (mag) (mag) (mag) (mag) (mag) (Myr) (M⊙) (arcmin
−2)
145 B6V 7.18±0.3 19.1±0.29 -9.67±0.16 5.005±0.002 5.12±0.002 5.399±0.019 5.453±0.043 5.438±0.019 80±9 4.0 0.115
377 B8IV/V 5.7±0.24 29.78±0.23 -12.85±0.19 5.486±0.002 5.584±0.003 5.775±0.018 5.835±0.032 5.822±0.026 152±9 3.4 0.196
1191 B9V 9.63±0.39 23.65±0.43 -7.8±0.2 5.695±0.004 5.756±0.003 5.929±0.026 5.972±0.037 5.94±0.017 182±75 2.5 0.104
1830 B9 IV 5.79±0.47 22.04±0.48 3±0.42 6.491±0.004 6.553±0.004 6.635±0.019 6.645±0.02 6.656±0.017 146±25 2.7 0.103
2548 B9.5V 12.35±0.55 31.9±0.8 4.1±0.8 5.686±0.003 5.693±0.002 5.677±0.037 5.681±0.039 5.637±0.019 1139±93 2.0 0.117
3678 B0 (PG1159)b 2.12±3.01 -18.1±1.9 -9.8±1.9 11.47±0.01 11.769±0.01 12.612±0.057 12.795±0.029 12.869±0.029 200±10 0.8 0.102
3741 B9Va 9.51±0.77 24.5±0.8 -11.2±0.8 5.514±0.002 5.559±0.004 5.647±0.026 5.686±0.026 5.644±0.02 210±58 2.5 0.097
5778 B8IV HgMn metallic lines 7.17±0.44 -29.8±0.8 -24.3±0.8 5.876±0.003 5.958±0.004 6.065±0.024 6.21±0.028 6.212±0.016 84±26 3.2 0.149
10602 B6V 21.22±0.12 92.5±0.9 -24±0.9 3.453±0.002 3.546±0.002 4.026±0.298 3.95±0.261 4.126±0.268 58±12 4.0 0.119
13951 B8 V 9±0.43 -5.62±0.5 -22.11±0.51 5.493±0.008 5.543±0.004 5.688±0.032 5.686±0.024 5.664±0.02 87±26 3.2 0.120
14131 B9V 6.34±0.2 26.2±0.7 14.6±0.7 5.38±0.002 5.5±0.003 5.761±0.026 5.863±0.027 5.837±0.026 282±8 3.1 0.197
15627 B5III 6.41±0.73 25.7±1.1 -25.2±1.1 5.225±0.008 5.306±0.004 5.388±0.028 5.439±0.017 5.436±0.02 44±8 4.4 0.210
16511 B9IV 9.31±0.38 31.38±0.39 -48.67±0.31 5.69±0.003 5.75±0.003 5.809±0.02 5.894±0.028 5.881±0.017 126±37 2.7 0.172
16803 B9Vp lambda Boo 6.7±0.51 28.5±0.7 -10.3±0.7 5.123±0.004 5.236±0.004 5.459±0.018 5.563±0.048 5.526±0.024 297±22 3.1 0.128
17563 B3V 6.11±0.29 21.3±0.9 -13.8±1 5.236±0.003 5.335±0.003 5.541±0.048 5.625±0.05 5.592±0.02 13±10 5.9 0.169
17921 B9IVpHgMnSi sn 8.86±0.42 23.73±0.4 -44.68±0.34 6.06±0.004 6.067±0.004 5.967±0.018 6.051±0.061 5.975±0.02 113±39 2.6 0.289
18213 B6/7 V 9.42±0.22 32.12±0.17 -0.92±0.22 4.969±0.002 5.092±0.002 5.39±0.024 5.446±0.037 5.454±0.017 36±12 3.7 0.130
18788 B5V 7.88±0.27 27.84±0.32 -14.32±0.31 5.138±0.003 5.269±0.003 5.57±0.024 5.647±0.028 5.662±0.02 29±10 4.0 0.164
19720 B8Vn 7.56±0.81 22.49±0.92 -23.94±0.76 6.272±0.004 6.243±0.007 6.046±0.02 6.041±0.041 6.028±0.019 83±24 3.2 0.219
19860 B3IV 7.16±0.34 19.73±0.31 -22.04±0.27 4.217±0.004 4.28±0.003 4.684±0.252 4.413±0.035 4.433±0.034 54±10 6.0 0.218
: : : : : : : : : : : : :
Notes. The age estimates and associated errors are rounded to nearest integer value. The mass estimates are given without error as a matter of clarity.
a Most recent spectral type as given in the Catalogue of Stellar Classifications (Skiff 2014)
b HIP 3678 is a white dwarf and the central star of the planetary nebula NGC 246, a hierarchical triple found in this study.
The actual suggested spectral type of HIP 3678A is PG1159 (Lamontagne et al. 2000).
c Total number of 2MASS point sources within a 2◦×2◦ box surrounding each sample star scaled to one square arc minute.
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The applied values of AV for each target were taken from the procedure created by Schmidt
et al. (2014), which was used to calculate the stellar parameter, i.e. mass and age of the
primary stars. A detailed description of the procedural method can be found in section 5.4.
The vast majority of the stars included in this sample have (B−V ) colours consistent with
the expected colour range of B-type stars (e.g., Kenyon and Hartmann (1995), (B −V ) <
0.0mag).
Generally, the obtained extinction values AV vary depending on distance, position on sky,
or due to the presence of a circumstellar disk between zero mag and up to ≈ 4.5mag in
the V band. However, the interstellar extinction is wavelength dependent with decreasing
values towards longer wavelengths. In particular, for the near-infrared (NIR) data studied in
this thesis, the interstellar extinction reduces to only about 10% of its value in the visible
wavelength. The median extinction of the target sample is about 0.1mag in the V band, and
hence, the interstellar extinction in the NIR is roughly 0.01mag. This is negligible compared
to the large distance uncertainties for instance. However, the interstellar extinction was
considered in all calculations.
HIP 3678 (black diamond in Figure 4), the central star of the planetary nebula (CSPN)
NGC246, was found within the compiled sample marked as B0-type star. The analysis
of this object revealed HIP 3678 to be a hot white dwarf multiple system with one known
visual and a previously unknown companion first identified and confirmed by common proper
motion, hereafter donated with CPM, during this study. A more detailed description of this
object is given in section 7.1.
The distributions of spectral types and luminosity classes for the total sample of B-type
stars, except of the CSPN HIP 3678, are shown as a histogram in Figure 5. The sample
includes stars with spectral types from O9.5–B9, but most stars are mid to late B-type
stars5 with spectral types from B5 to B9. This might be a selection effect due to the
brightness and distance and hence the observability of such objects.
A histogram of the distances to the sample objects is shown in Figure 6 (left panel). The
shading of the histogram indicates the precision of the parallax measurements (σπ/π) from
which the distances and, consequently, the absolute magnitudes of the primaries and any
found companion were determined. Out of the total sample of 316 target stars, 107 objects
have high-quality uncertainties (σπ/π . 0.05, green histogram), 179 have moderate quality
uncertainties (0.05 . σπ/π . 0.32, blue histogram) and 30 objects show poor quality
uncertainties (σπ/π & 0.32, red histogram). The majority of the stars were observed at
distances smaller than approximately 300 pc which is most likely an effect of the target
selection by the different observer, due to the increased sensitivity for binary companions at
small separations for stars at closer distances. In general the distance of the targets ranged
from ∼38 pc up to ∼980 pc with a median distance of about 162 pc.
5Historically, hot, luminous stars were thought to be at an earlier stage in their evolution than late-
type stars, such as those that are cooler than the Sun. However, it is known today that their high
temperature is an outcome of their high mass. In general, the term “early” is used today to describe
any star that is at the hotter end of its spectral class, e.g., a B2 star is said to be earlier than a B5
star.
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Figure 5. The distribution of spectral types (left) and luminosity classes (right) for all stars of
the sample as reported in the Hipparcos catalogue.



































Figure 6. The distribution of distances (left) and apparent proper motions (right) for the 316
stars of the sample selected from the Hipparcos catalogue. The shading of the his-
togram indicates whether the relative errors of the measurements are below 4.6%
(green histogram), between 4.6% and 31.6% (blue histogram), or larger than 31.6%
(red histogram).
The same shading was applied to the distribution of the total apparent proper motion of the
sample stars, calculated from µα cos δ and µδ and shown in Figure 6 (right-panel). Whereas
the parallax is used to estimate the physical properties of the primary or a companion, the
proper motion together with the time difference between two or more observations is needed
to estimate whether a found companion candidate is physically bound to the primary or
not. For 209 stars, high quality uncertainties (green histogram) of the proper motion
measurements are available, 95 objects have moderate uncertainties (blue histogram) and
only 12 stars from the sample have poor quality uncertainties (red histogram).
Due to the age dependence of the mass-magnitude relation, an estimation of the age
is needed, in order to convert the measured magnitude difference between a B-type star
primary and a resolved companion into a mass ratio for the system. The mass and age
estimation for each primary target star was done using a photometry based procedure
developed by Schmidt et al. (2014), described in section 5.4, with the resulting age and
mass distribution of the sample shown in Figure 7. The obtained ages and masses for
the primary stars are also summarized in Table 2, and Table A1, respectively. The ages
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Figure 7. The distribution of ages (left) and masses (right) for all target star of the sample
as estimated from spectral type, distance, and BVJHK photometry using models by
Bertelli et al. (1994), Claret (2004) and Schaller et al. (1992).
estimated for the sample stars with this method range from about 3Myr to a few Gyr, while
the calculated masses of the primary stars vary between ≈ 1.8M⊙ and ≈ 20M⊙, at which
302 (90%) of the primary stars have intermediate masses of less than 10M⊙.
3.3 Data Acquisition
The data obtained from the ESO VLT/NaCo archive and described below split in general
into two distinct samples. On the one hand there are 133 stars with at least two epochs of
observation available. These objects plus 32 stars with only one epoch, but additional data-
points available from literature, are suitable for CPM analysis if one or more companion
candidates can be found in each epoch. On the other hand there are 152 stars with only
one epoch found in the VLT/NaCo archive. For these stars the CPM analysis can not be
applied, and therefore the assessment of physical association of any companion candidate
is based on a statistical estimate using 2MASS source counts. The details of this method
are described in section 5.2.
Figure 8 shows the spatial distribution of the sample stars on the sky superimposed on
the surface density of 2MASS point sources brighter than 14mag in the K s band. The
path of the Galaxy is apparently visible showing an increase in the surface density towards
the Galactic Centre (R .A. = 266.◦416, Dec = 29.◦007, Petrov et al. 2011) of N(K s
< 14) & 10−2 2MASS point sources per square arc second.
3.3.1 Archive Data
The science data taken from the ESO VLT/NaCo archive have been observed in 221 different
nights between January 2003 and February 2013. The ESO programmes in which the data
were obtained, alongside the corresponding principal investigator (PI) and the number of
objects observed within the programme are listed in Table 3. The programmes with new
observations are marked in boldface. In total the investigated sample consists of 668 data
sets and was obtained in 62 different programmes by 33 PI, including the new observations
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Table 3. Sources of ESO/VLT NaCo archive data
Programme ID PI Observed Programme ID PI Observed
stars stars
072.C-0624(B) MOUILLET 2 083.C-0459(A) SCHREIBER 1
073.C-0178(A) FELDT 1 084.C-0364(A) VOGT 1
073.C-0379(A) ZINNECKER 1 086.C-0600(B) VOGT 1
073.D-0534(A) KOUWENHOVEN 11 086.C-0638(A) VOGT 1
074.C-0628(A) NEUHA¨USER 1 086.C-0762(D) DAEMGEN 1
074.D-0180(A) IVANOV 61 087.D-0150(B) KERVELLA 1
074.D-0315(A) POLLACCO 1 087.D-0197(A) SCHOELLER 6
074.D-0374(A) HUBRIG 39 087.D-0261(A) ADAM 15
075.C-0475(A) OUDMAIJER 75 087.D-0426(C) MARTAYAN 2
075.C-0521(B) CHAUVIN 1 088.D-0145(A) DOMICIANO DE SOUZA 1
075.C-0668(A) DOUCET 1 089.C-0494(A) KURTEV 1
075.D-0660(A) DE LAVERNY 1 089.C-0494(B) KURTEV 7
076.C-0170(A) HUBRIG 13 089.C-0494(C) KURTEV 4
076.C-0579(A) BRANDEKER 3 089.D-0366(A) ADAM 19
076.C-0708(A) THOMAS 2 089.D-0800(A) DOMICIANO DE SOUZA 1
076.D-0108(A) IVANOV 47 090.C-0448(A) VOGT 2
077.D-0147(A) IVANOV 7 090.D-0038(A) SCHOELLER 8
077.D-0606(A) LEAO 1 090.D-0755(A) DOMICIANO DE SOUZA 1
078.C-0535(A) VOGT 2 184.C-0567(F) BEUZIT 1
078.D-0639(A) BOUY 11 272.D-5068(A) IVANOV 12
079.D-0537(A) HUBRIG 1 279.D-5064(A) KERVELLA 1
079.D-0546(A) WERNER 1 382.D-0065(A) KERVELLA 1
080.C-0424(A) VOGT 2 383.C-0657(A) DREIZLER 1
080.D-0348(A) IVANOV 46 384.D-0504(A) KERVELLA 1
080.D-0532(A) BOUY 24 386.D-0706(E) DOMICIANO DE SOUZA 1
081.C-0519(A) PATIENCE 3 482.L-0802(A) FORVEILLE 1
081.C-0653(A) LAGRANGE 3 485.L-0725(A) FORVEILLE 1
082.C-0489(A) VOGT 1 60.A-9026(A) NACO TEAM 6
082.D-0172(A) KERVELLA 1 60.A-9800(J) OBSERVATORY, P 6
083.C-0151(A) LAGRANGE 2 70.C-0701(A) ZINNECKER 1
083.C-0151(B) LAGRANGE 1 71.C-0507(A) MOUILLET 1
Note. Own observations obtained with NaCo are marked in boldface.
3.3.2 Own Observations
In order to increase the available sample size for the CPM analysis, two successful proposals
for additional observations at the ESO/VLT of stars with companion candidates and only
one prior data point, have been written during this thesis. The observations were carried
out in visitor mode on 8th and 9th May 2011 under programme ID 087.D-0261(A) and on
18th and 19th September 2012 under programme ID 089.D-0366(A), with a total of 34
stars observed.
For objects with bright companion candidates, the same instrumental set-up, i.e., same
filters, cameras, and exposure times, as in the first epoch were used to reach at least the
achieved sensitivity as in the first observation. For fainter companion candidates, longer
exposure times were chosen, without saturating the primary, for an increased sensitivity to
the faint companion candidates and to increase the signal to noise ratio for any detection.
In addition to the science exposures, darks, and flats, images of the wide binary system
HIP 73357 or the globular cluster 47Tuc were taken in every night, which were used for the





















Table 4. Observation log and astrometric calibration results of the investigated target sample
HIP MJD Observation Programme ID PI Exposure time Filter Camera FWHM Pixel scale Orientation Methoda
(days) date (s) (mas) (mas/pixel) (degree)
145 53349.04 2004-12-10 074.D-0180(A) IVANOV 2.5×10×21 IB2.18 S27 74.1 27.110±0.021 -0.020±0.046 A
53690.07 2005-11-16 076.C-0170(A) HUBRIG 1.8×40×10 K s S13 76.6 13.266±0.023 -0.013±0.097 A
377 53698.02 2005-11-24 076.D-0108(A) IVANOV 0.3454×149×9 K s S27 82.0 27.144±0.032 -0.009±0.060 A
1191 53698.05 2005-11-24 076.D-0108(A) IVANOV 0.3454×149×9 K s S27 74.8 27.161±0.040 0.042±0.088 A
1830 53284.15 2004-10-06 074.D-0374(A) HUBRIG 10.0×5×20 K s S13 70.1 13.261±0.014 -0.000±0.057 A
2548 53710.05 2005-12-06 076.D-0108(A) IVANOV 1.0×50×9 K s S27 80.8 27.174±0.042 -0.029±0.092 A
54359.25 2007-09-16 080.D-0348(A) IVANOV 1.0×51×9 K s S27 85.7 27.160±0.055 0.017±0.115 A
3678 53331.08 2004-11-22 074.D-0315(A) POLLACCO 3.6×20×5 H S13 71.2 13.254±0.069 -0.03±0.29 A
53331.09 2004-11-22 074.D-0315(A) POLLACCO 6.1×20×5 K s S13 75.7 13.269±0.066 -0.003±0.295 A
54265.40 2007-06-14 079.D-0546(A) WERNER 40.0×5×15 K s S27 97.1 27.136±0.063 -0.050±0.132 A
3741 53710.07 2005-12-06 076.D-0108(A) IVANOV 1.0×50×9 K s S27 79.5 27.127±0.038 -0.038±0.081 A
5778 53285.21 2004-10-07 074.D-0374(A) HUBRIG 6.0×9×20 K s S13 72.4 13.263±0.020 0.007±0.084 A
10602 53710.10 2005-12-06 076.C-0170(A) HUBRIG 0.65×200×10 K s S13 83.2 13.276±0.019 -0.049±0.076 A
53712.09 2005-12-08 076.C-0170(A) HUBRIG 0.65×200×10 K s S13 70.1 13.264±0.019 -0.030±0.079 A
13951 53358.10 2004-12-19 074.D-0180(A) IVANOV 0.3454×149×9 K s S27 84.5 27.092±0.040 -0.023±0.086 A
54370.30 2007-09-27 080.D-0348(A) IVANOV 2.0×26×9 K s S27 89.3 27.140±0.045 -0.006±0.097 A
14131 53284.28 2004-10-06 074.D-0374(A) HUBRIG 3.8×4×64 K s S13 78.0 13.257±0.003 0.002±0.012 A
54357.39 2007-09-14 080.D-0348(A) IVANOV 1.0×51×13 K s S27 96.0 27.144±0.012 0.013±0.026 A
15627 54024.21 2006-10-16 078.D-0639(A) BOUY 4.4×12×128 H SDI 76.5 17.250±0.060 0.000±0.500 U
16511 53376.05 2005-01-06 074.D-0374(A) HUBRIG 3.8×13×20 K s S13 73.8 13.264±0.013 -0.012±0.054 A
53700.14 2005-11-26 076.C-0170(A) HUBRIG 1.0×60×10 K s S13 69.1 13.287±0.026 -0.013±0.121 A
55798.41 2011-08-25 087.D-0197(A) SCHOELLER 15.0×4×16 K s S13 85.8 13.268±0.015 0.045±0.065 A
16803 53379.10 2005-01-09 074.D-0180(A) IVANOV 10.0×5×12 IB2.18 S27 90.4 27.104±0.032 -0.013±0.066 A
: : : : : : : : : : : :
Note. The total exposure time is the product of DIT(s)×NDIT×NExp. The full list is presented in Table A2.
a Used method for astrometric calibration: A–Auto-calibration; B–Binary; C–Cluster; U–Uncalibrated
33
4 Data Reduction and Astrometric
Calibration
In this section the procedures used for data reduction and the different methods for the
astrometric calibration of the obtained VLT/NaCo archive data, and the observations made,
are described in detail. The reduction methods for the objects observed with the S13, S27
camera or the SDI technique are characterized in section 4.1. In section 4.2 the processes
for the astrometric calibration of the data using binaries and clusters are discussed. In
addition the newly developed approach for the calibration of archival data obtained with
NaCo is extensively described and discussed in detail.
4.1 Data Reduction
The imaging techniques provided by the ESO VLT/NaCo instrument require reduction
through different procedures. For this purpose ESO offers several software packages which
were utilized for reduction, alongside small programs written using the PYTHON programming
language (Rossum 1995) to run and control the required processes. For the reduction of
the calibration frames the ESO Recipe Execution Tool (EsoRex) was used. The science
data observed with S13 or S27 were reduced using the jitter routine which is part of the
ESO ECLIPSE software package (Devillard 2001). The reduction of images obtained in SDI
mode follows the reduction procedure described by Biller et al. (2006).
The first step in creating the reduced science image for the analysis was the reduction of
the calibration frames obtained for each science image, in the same night. Therefore, dark
images with the same detector settings, i.e., same DIT, detector mode, detector window,
readout mode and camera, as the science exposure were taken from the NaCo archive.
Typically there are three darks from which the median master dark was constructed using
the esorex naco_img_dark recipe. The reduced dark then contains information on the
dark current of the detector array. The second important calibration frame is the flat field
image from which the pixel-to-pixel variations of the detector were measured and corrected.
The flats obtained from the archive for each science exposure have the same setup, i.e.,
filter, camera, detector readout mode, as the science image. They are typically taken as
a series of lamp-on/lamp-off frames. For the reduction, the esorex naco_img_lampflat
recipe was used. In the process of the reduction using the recipe, the median lamp-off
image was subtracted from the median lamp-on frame and normalized to get the reduced
flat field image.
The science images obtained with the S13 or S27 were processed using the jitter routine
controlled by a PYTHON program written for this purpose. After registration of the single
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images, the so called odd-even column effect6 was removed from the images. Then the dark
was subtracted from each image and the dark current corrected frame was divided by the
flat image to correct the sensitivity differences between the single pixels. As mentioned, the
sky background in the NIR is considerably high compared to optical wavelengths (due to the
OH emission in the earth’s atmosphere) and needs to be removed to be able to detect faint
objects. This is achieved using the jitter technique where the telescope is slightly shifted
between subsequent images and hence the star is at different positions on the detector.
The used offsets are typically four to eight arc seconds.
(a) (b)
(c)
Figure 9. Example for the reduction of science images obtained with NaCo. Shown is the close
binary system HIP 24196 observed on 8th December 2004 in K s band. In Figure (a)
the combination of all raw images obtained for this object is shown, illustrating the
effects of the jitter technique, the contamination of the image with the 50Hz noise
pattern and the cold and hot pixels from the detector. Figure (b) shows the final
reduced image of HIP 24196 with slightly different cut-levels to illustrate the effects
of reduction. The black box indicates the window size of a single frame (1024×1026
pixels). The effective FoV is increased compared to the single frames, making it
possible to detect objects at greater distances, i.e., larger projected separations. The
central region of the image with the binary companion located ∼ 0.15 arcsec North
of the primary is shown highlighted in Figure (c).
6The odd-even column effect is a response property of the detector and depends on the array and
the flux. It is characteristic for the pixel-to-pixel gain variations of IR arrays and varies between
odd and even columns.
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Figure 9a shows a combination of the 21 raw images for the close binary system HIP 24196
observed on 8th December 2004 in the K s band. Alongside the object at different jitter
positions, the 50Hz noise pattern causing regular stripes on the image, and the hot and
cold pixel of the NaCo detector can be seen.
From the dark subtracted and flat field divided images, the jitter routine computes a
median image, where the stars have been removed, and subtract that image from each
frame. After removal of the 50Hz noise pattern, the images were combined using the
shift and add procedure implemented in the jitter routine. During this process the point
spread function (PSF) of an objects is shifted typically relative to the first frame by cross-
correlation, and then the images are added together to construct the final science image.
In the final image the row median was then subtracted from each row to remove saturation
effects. Figure 9b exemplary shows the fully reduced image of HIP 24196. The 50Hz noise
pattern was fully removed as well as almost all artefacts introduced by the detector. The
window size of a single frame with typically 1024×1026 pixels is indicated by the black box.
Also visible is the increased effective FoV due to the chosen jitter offset, which allows the
detection of objects outside the FoV of a single image, i.e., at larger projected separations.
In Figure 9c, the resolved close binary system HIP 24196AB is shown for completeness.
The same procedure described above was applied to images observed in cube mode apart
from the preparation of the single raw images for the reduction. In this observation mode
every image taken with a specific DIT is saved separately in a cube file with n planes corre-
sponding to the selected NDIT plus one additional plane where the single DIT images are
co-added. For the reduction of these data sets, the last plane of the cube which is similar
to an image observed in normal mode with DIT×NDIT integrations, was extracted with
the extract routine and then reduced using the described procedure.
The data sets obtained using the SDI imaging technique required a slightly different method
for reduction. The SDI data investigated in this thesis were usually observed in a sequence
of 2×20 frames where 20 images have 0◦ rotator angle and 20 images were taken with a 33◦
rotator angle, to be able to distinguish between real sources and any residual speckles. This
is done because instrumental and telescope “super speckles” (Racine et al. 1999) should
not rotate with a change of the rotator angle; however, a real source should appear to
rotate by the change in the rotator angle (Biller et al. 2006). Each sequence of 20 frames
consists of 16 science images, and 4 sky frames which were used to create the master dark
for sky background subtraction. A PYTHON program was written to control the reduction
process using again the ESO ECLIPSE software package and in particular the catcube,
average, extract, and jitter routines therein. The following procedure (except the flat
reduction) was applied separately for each sequence.
For each data set, the flats with the corresponding instrument set-up were obtained from
the archive and the master flat was created using the naco_img_lampflat recipe. This is
possible due to the fact that the lamp-flat calibration frame also contains the four simulta-
neously observed sub-images like the science frames. The master darks for each sequence
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were created from the sky images taken in each series by constructing a cube file contain-
ing the sky images using the catcube routine. The cubes were then linear averaged along
its z-axis with the average routine. Next, the darks were subtracted from each science
frame and the resulting corrected image was divided by the normalized flat to obtain a
single reduced science image which contains the 4 frames simultaneously observed through
3 narrow band filters. Using the extract routine, a rectangular aperture around each filter
frame was extracted and finally the single images for each filter were co-added using the
jitter routine.
4.2 Astrometric Calibration
In order to convert the measured separation and position angle of identified companion
candidates from pixel into on-sky units, an astrometric calibration is needed. A widely-
used method to obtain the pixel scale and the detector orientation is using astrometric
measurements obtained from either a binary system or a cluster, which were observed with
same instrument settings and observing technique as the science targets. The details on this
method are described in subsection 4.2.1. However, since there are no informations about
calibration objects observed for most of the investigated sample stars in this thesis, a new
method was developed to obtain pixel scale and detector orientation using the science data
itself for calibration. This different approach is extensively described in subsection 4.2.2.
4.2.1 VLT/NaCo data calibration using binary/cluster
Calibration with HIP 73357
For astrometric calibration of the own VLT/NaCo observations taken in 2011 and 2012, the
wide binary system HIP 73357 and the globular cluster 47Tuc, respectively, were imaged in
every observing night. Thereby, the same instrument settings, i.e. filter, camera, read-out
and detector mode, and imaging technique as the science targets were used. Furthermore,
the public archive was searched for additionally available data yielding 5 extra nights for
HIP 73357 and 4 nights for 47Tuc. In order to monitor possible short term variations in the
pixel scale or the detector orientation, and to check for consistency of the overall calibration
results, an astrometric calibration of all these data was done.
HIP 73357 is located at a distance of 102.25 pc (van Leeuwen 2007) from the Sun, and both
components have spectral types of mid to early A (Houk 1982). Assuming a circular orbit
with a radius of about 8.4 arcsec and a total system mass of ∼ 4M⊙, the orbital period
would be approximately 12 600 yr or shorter if eccentric, respectively. For HIP 73357 precise
astrometric measurements with Hipparcos taken in epoch 1991.25 are available, which are
listed in Table 5. The time difference between the Hipparcos measurement and the science
data epochs is about 20 years. In the case of an circular orbit which is seen edge-on,
the separation of the components would change by 2.6mas/yr or 53mas in ∼ 20 yr. This
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equates to a change of 3.5 pixel for the NaCo S13 camera, which is significantly larger than
detection accuracy reachable with available software. In the case of an circular orbit which
is viewed pole-on, the position angle (PA) would change by ∼0.03 ◦/yr or 0.6 ◦ in ∼ 20 yr.
This very simple estimate, and in particular the change in separation over several years,
shows that the orbital motion of this calibration binary needs to be taken into account.
Table 5. Hipparcos reference measurement of the NaCo calibration binary
Binary Epoch Separation (arcsec) PAa(deg)
HIP73357 1991.25 8.430±0.028 337.30±0.06
a Position angle (PA) is measured from North over East to
South.
There are 29 astrometric data points taken over the past ∼ 170 yr available for HIP 73357
in the Washington Double Star Catalogue (WDS, Mason et al. 2001). These data points
were used to fit the linear change in separation and position angle of the binary component
yielding a linear decrease in separation of 0.0018± 0.0010 arcsec/yr and a decrease in
position angle of 0.0368± 0.0055 ◦/yr. The corresponding diagrams for separation angle
and position alongside the best fits and their one sigma confidence interval are shown in
Figure 10. However, WDS does not provide uncertainties for any of the given astrometric
data points and hence, the results have to be taken with reservations due to the quite
large scatter of the measurements. Also, the observational data, of the position angle,
available since 1970 show a lower decrease than the overall result of linear orbital motion
fit, indicating that the assumption of a linear orbital motion might be inappropriate. Given
the available amount of data points up to date, which cover only about 1.3% of the entire
orbit it is, however, not yet possible to detect significant curvature in the orbital motion.
















































Figure 10. Astrometric data points for the calibration binary HIP 73357 obtained from the WDS
catalogue. The solid red line shows the linear fit to the change of the separation
(left) and the position angle (right) over time. The 68% (1σ) confidence interval of
the fit is indicated by the dashed red lines.
To determine the pixel scale and the orientation, first the detector positions of the binary
components were measured in each individual jitter position in the respective observing
night, to account for geometric distortions of the detector. This was done employing the
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IDL7/starfinder routine (Diolaiti et al. 2000), which uses a Point Spread Function (PSF)
fitting algorithm to detect the sources in an image. For a more detailed description see
section 5.1.The separation and position angle on the detector were then calculated for each
individual jitter position and the results averaged. Using the calculated rate of change in
separation and position angle, the ephemerides of the binary at the time of the science
epoch were then extrapolated from the Hipparcos reference measurement. With this result
and the measured separation and position angle on the detector in each observing night,
pixel scale and detector orientation was calculated for each science epoch. The results for
the pixel scale and the detector orientation are listed in Table 6. As can be seen from the
data, pixel scale and orientation vary between the epoch, but are consistent within their
uncertainties.
Table 6. Astrometric calibration results of HIP 73357 using linear orbit fit of WDS data
Observation Epoch Pixel scale Orientation
date (year) (mas/pixel) (deg)
2007-03-01 2007.163 13.202±0.044 -0.216±0.183
2008-01-08 2008.020 13.208±0.045 0.085±0.185
2008-01-17 2008.045 13.210±0.045 0.120±0.185
2008-02-20 2008.138 13.208±0.045 0.074±0.185
2009-02-20 2009.138 13.200±0.046 0.136±0.188
2011-03-25 2011.229 13.189±0.048 0.309±0.195
2011-05-09 2011.352 13.190±0.048 0.048±0.271
Calibration with the globular cluster 47Tucanae
The calibration of science data taken in September 2012 was done using the globular cluster
47Tuc. The cluster, also known as NGC104, is located near the Small Magellanic Cloud
towards the constellation Tucana at a distance of about 4.7 kpc (Woodley et al. 2012)
from the Sun. For this object precise astrometry data are available from the Hubble Space
Telescope (HST). There are 4 additional nights with observational data available in the
archive, two in December 2011 and 2012, respectively, at which this cluster was observed
in the same night as target stars contained in the sample. In Figure 11, the HST/ASC
image of 47Tuc (left) and an image of the same cluster observed with NaCo in 2012 (right)
is shown. Therein, the field of view of the NaCo S13 objective in the HST image is indicated
by the white rectangle, and the stars employed to extract their position in the NaCo image
are marked with circles.
First, an astrometric reference catalogue was created from the HST image. Therefore, the
star positions were extracted using GAIA (Graphical Astronomy and Image Analysis Tool,
Draper 2000) and the included SExtractor8 (Soruce-Extractor, Bertin and Arnouts 1996)
7IDL (Interactive Data Language) is a commercial plotting, image processing, programming, and graphical
user interface (GUI) development language distributed by the Research Systems Inc., Boulder CO.
8SExtractor is an image processing software which contains automated techniques that detects, de-blends,
measures and classifies sources from astronomical images.
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Figure 11. HST/ASC image of 47Tuc (left) used as reference for astrometric calibration taken
on 2002-07-24 with the F 250W wide band filter in the ultra-violet, and exemplary
VLT/NaCo K s band image (right) of the same cluster taken on 2012-09-19 with
the S13 camera. The field of view of the NaCo S13 example image is indicated by
the white rectangle (left image), and the stars used for calibration are marked with
white circles (right image).
Table 7. Astrometric calibration results of the globular cluster 47Tuc
Observation Epoch Pixel scale Orientation
date (year) (mas/pixel) (deg)
2010-12-24 2010.979 13.265±0.020 0.642±0.087
2010-12-25 2010.982 13.271±0.016 0.599±0.069
2012-09-19 2012.717 13.273±0.011 0.679±0.046
2012-12-04 2012.925 13.267±0.011 0.572±0.049
2012-12-05 2012.928 13.262±0.014 0.615±0.062
therein. The same was done for all NaCo images of 47Tuc. Then, the obtained NaCo
catalogues were matched with the reference catalogue using a written PYTHON routine,
and the pixel scales and detector orientations were computed from the found matches.
Additionally, sigma clipping was applied to exclude those results with significantly different
pixel scales and orientations, which are most likely caused by stars with high proper motion
and hence, larger deviations between the measured positions in the HST and NaCo images,
respectively. The results are summarized in Table 7.
The comparison of the results of both calibration methods shows differences in the esti-
mated pixel scales, and in particular in the found detector orientations. As mentioned, one
reason can be the inaccurate assumption of a linear model for the orbital motion.
The use of a cluster, in general, is more appropriate for calibration purposes, due to the
amount of stars that can be used for the position matching and hence, higher precision of
the estimated pixel scale and rotation of the detector. For that reason, 47Tuc was used
for a more precise calibration of the available HIP 73357 data, and thus more precise and
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updated ephemerides of the binary.
There are 3 nights available in the NaCo archive where HIP 73357 and 47Tuc were ob-
served in the same night; two of them taken with the S13 objective and one with S27,
respectively. These nights were used to correct the discrepancies in pixel scale and ori-
entation of the detector. Therefore, the detector was first calibrated using the 47Tuc
and the afore described procedure. The computed results are listed in Table 8, column
2 and 3. With the obtained calibration for each of the three observing nights, separation
and the position angle of HIP 73357 could be measured in the respective epoch yielding
the ephemerides listed in Table 8, column 4 and 5. With the new computed ephemerides
Table 8. Recalculated ephemerides of the calibration binary HIP 73357
47Tuc HIP 73357
Observation Pixel scale Orientation Separation PAa
date (mas/pixel) (deg) (arcsec) (deg)
2009-08-07/08 13.290±0.014 0.384±0.059 8.454±0.010 336.94±0.06
2010-08-18/19 27.070±0.012 0.523±0.027 8.445±0.006 337.05±0.03
2011-06-02/03 13.278±0.014 0.513±0.061 8.451±0.009 336.87±0.06
a Position angle (PA) is measured from N over E to S.
and the Hipparcos reference measurement of epoch 1991.25, the linear orbit motion of
HIP 73357 was then re-estimated. For HIP 73357 the result is an increase in separation of
0.0011± 0.0003 arcsec/yr and a decrease of the position angle of 0.018± 0.005 ◦/yr. The
pixel scales and detector orientations for the available science epochs were re-calculated
using these values. The final results for pixel scale and detector orientation, applied to the
respective science data in this thesis, are listed in Table 9. In Figure 12, the pixel scale
Table 9. Final astrometric calibration results
Observation Epoch Calibrator Pixel scale Orientation
date (year) name (mas/pixel) (deg)
2007-03-01 2007.163 HIP 73357 13.268±0.045 0.040±0.101
2008-01-08 2008.020 HIP 73357 13.278±0.045 0.356±0.105
2008-01-17 2008.045 HIP 73357 13.280±0.045 0.391±0.105
2008-02-20 2008.138 HIP 73357 13.279±0.045 0.347±0.105
2009-02-20 2009.138 HIP 73357 13.275±0.045 0.428±0.109
2010-12-24 2010.979 47Tuc 13.265±0.020 0.642±0.087
2010-12-25 2010.982 47Tuc 13.271±0.016 0.599±0.069
2011-03-25 2011.229 HIP 73357 13.274±0.045 0.639±0.118
2011-05-09 2011.352 HIP 73357 13.275±0.045 0.604±0.119
2012-09-19 2012.717 47Tuc 13.273±0.011 0.679±0.046
2012-12-04 2012.925 47Tuc 13.267±0.011 0.572±0.049
2012-12-05 2012.928 47Tuc 13.262±0.014 0.615±0.062
data of the two calibration methods alongside the re-calculated results for HIP 73357 are
plotted. Although consistent within their uncertainties, the results of the linear orbital mo-
tion fit using the available WDS data points, shown as black dots, deviate significant from
4 Data Reduction and Astrometric Calibration 41
the calibration result obtained using the globular cluster 47Tuc shown as red squares. The
re-calculated results for the calibration binary shown as black diamonds still vary slightly
between the epochs. However, they now are consistent with the more precise calibration
results determined from the globular cluster 47Tuc.



























Figure 12. Summary plot of derived NaCo S13 pixel scales for the science epochs versus time.
The pixel scales calculated from the linear orbit fit of the WDS data are shown
as black dots. The red squares indicate the derived pixel scales using the 47Tuc
cluster, and the corrected results of HIP 73357 using new calculated ephemerides
from 47Tuc calibrated data are plotted as blue diamonds.
4.2.2 Automated calibration of VLT/NaCo data
The calibration of the science data using a binary or a globular cluster described in the
previous section was only applicable for 45 target stars out of the total sample of 316 B-
type stars, i.e. about 14%. To obtain an adequate calibration for the remaining target stars
a method, named “auto-calibration”, was developed which uses the information contained
in the science images for determination of the pixel scale and the detector orientation. The
method is not entirely new. A first limited usage was performed in Schmidt et al. (2008)
and Neuha¨user et al. (2010). In this section, a detailed description of the approach to this
method is given.
The basic idea of the auto-calibration is to reconstruct the pixel scale and the rotation
angle of the detector from the science images itself using the non-shifted and non-added
reduced science images. The investigated NIR NaCo data were obtained using the already
mentioned dither technique, i.e. the telescope was slightly moved between consecutive
images to get a better constrain on the background emission in the near-infrared. This
also means that a shift of the telescope can be seen as a shift of the star on the detector.
The movement in both coordinate systems is connected by an affine transformation which
contains two parameter, in the simplest case, the pixel scale and a possible misalignment
of the detector. The problem was solved using a maximum log-likelihood estimation of
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the parameter, i.e. pixel scale and detector orientation, and a Markov Chain Monte Carlo
(MCMC) simulation for marginalization and uncertainty estimation. For the calculation the
following information are needed:
(1) the position of objects on the detector xi ,yi in pixel units in each frame,
(2) the RA and Dec. coordinates of the telescope pointing, stored in the FITS9-header
keywords CRVAL1 and CRVAL2 and
(3) the reference point of the world coordinate system (WCS) on the detector in pixel
coordinates xc,i ,yc,i , stored in the FITS-header keywords CRPIX1 and CRPIX2.
A PYTHON routine was written to solve this problem. For object detection, SExtractor was
used to get the position of the objects on the detector. In addition, the pointing coordinates
of the telescope were obtained from each image. From the resulting set of pixel positions
{xi , yi}k (k = 1 ...N , where N is the total number of frames) the shift of an object on the
detector, between each frame, was calculated via
∆x
i 6=j
= xi − xc,i − (xj − xc,j), ∆y i 6=j= yi − yc,i − (yj − yc,j).
For a particular set of observations of one object the reference coordinates of the WCS




= xi − xj , ∆y i 6=j= yi − yj .





Hence, an observation containing of N = 9 number of frames, i.e. different telescope
offsets, would result in n = 36 different pairs of values, assuming that at least one ob-
ject, namely the brightest, was detected in each frame. The set of coordinate values
{∆RA,∆Dec.}nm=1, which gives the shift of the telescope pointing, was calculated by
∆RA
i 6=j




= Dec.j − Dec.i ,
where Dec. is the average of Dec.i and Dec.j , and cos(Dec.) is the cosine correction between
the three dimensional world coordinate system (WCS) and the two dimensional image
coordinate system. The described method is based on relative offsets, therefore the tracking
9FITS (Flexible Image Transport System) is the standard data format used in astronomy and
endorsed by NASA and the International Astronomical Union (IAU) Pence et al. (2010)
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error of the telescope, 0.1 arcsec10 was used as uncertainty for the shift in right ascension










where A is the transformation matrix which is given by
A =
[
s · cos(α) −s · sin(α)
s · sin(α) s · cos(α)
]
.
Therein, s is the pixel scale, which is assumed to be uniform in x and y direction, and α is
the rotation angle of the detector. The expanded transformation model between the image
and the world coordinate system is then given by
∆RAi = s · (cos(α) ·∆xi − sin(α) ·∆yi) (4.2)
∆Dec.i = s · (sin(α) ·∆xi + cos(α) ·∆yi) (4.3)
The best fitting parameter s and α for pixel scale and detector orientation determination
were derived using a maximum log-likelihood estimation. Assuming that the parameter are
normal distributed, the likelihood functions for Equation 4.2 and Equation 4.3 are given by
n∏
i=1
























However, it is much more convenient to work with the log-likelihood, which is calculated








log p(∆RAi |∆xi , ∆yi , ∆RAerr ,i ; s,α), (4.6)
10RMS of tracking error for all VLT/UTs according to ESO.
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log p(∆Dec.i |∆xi , ∆yi , ∆Dec.err ,i ; s,α) (4.7)
The final log-likelihood function is the sum of the log-likelihood functions Equation 4.6 and
Equation 4.7 and is given by
logL = logL∆RA + logL∆Dec.. (4.8)
The optimum of the log-likelihood function given in Equation 4.8 was derived using
scipy.optimize (Jones et al. 2001), and most specifically the minimize function therein.
In order to maximize the log-likelihood the negative log-likelihood was minimized.
The uncertainties on the estimated parameter were calculated using a Markov Chain Monte
Carlo (MCMC) approach. The posterior probability function, i.e. the distribution of param-
eters that is consistent with the dataset, needed for the MCMC is given, up to a constant,
by
p(s,α|∆x , ∆y , ∆RA,∆Dec.,∆RAerr , ∆Dec.err ) ∝ p(s,α)p(∆RA,∆Dec.|∆x , ∆y ; s,α)
(4.9)
where p(∆RA,∆Dec.|∆x , ∆y ; s,α) is the likelihood function discussed above and p(s,α)
is the ”prior” function, which encodes any previous knowledge of the parameter, such as
the physically acceptable range. In this thesis uniform, so-called ”uninformative”, priors for
s and α were used, depending for example on the given objective. Below, the prior function
for the S13 objective p(s)S13 is given exemplary.
p(s)S13 =

1, if 12 ≤ s ≤ 140, otherwise
The full log-probability distribution function was sampled using emcee Foreman-Mackey
et al. (2013), starting with 20 walker, initialized in a tiny Gaussian ball around the obtained
maximum likelihood result. The MCMC run was then started for each walker with 2500
steps.
The results for both parameter and for each walker as a function of the number of steps
in the chain is shown in Figure 13. Plotted are the traces of each walker for the pixel
scale and the detector orientation, obtained for HIP 73357 and taken on 2011-09-05 in the
K s band. In addition, the so-called ”burn-in” limit applied to all data is shown as black
vertical dashed line. The steps of the MCMC run below this limit, which was chosen as
5% of the total step size, are excluded from the further analysis. The results of the MCMC
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the Gaussian fitting, i.e. mean and standard deviation, were applied to the data in this
thesis. The consistency of the results of the auto-calibration method was tested against the
available data of HIP 73357, which have been calibrated with the globular cluster 47Tuc.
The results of this test are listed in Table 10. As can be seen from the data, the results
Table 10. Comparison of astrometric calibration results and auto-calibration method
astrom. cal. auto-cal.
Observation Epoch Calibrator Pixel scale Orientation Pixel scale Orientation
date (year) name (mas/pixel) (deg) (mas/pixel) (deg)
2007-03-01 2007.163 HIP 73357 13.268±0.045 0.040±0.101 13.230±0.112 -0.018±0.458
2008-01-08 2008.020 HIP 73357 13.278±0.045 0.356±0.105 13.246±0.078 0.163±0.326
2008-01-17 2008.045 HIP 73357 13.280±0.045 0.391±0.105 13.279±0.050 0.130±0.208
2008-02-20 2008.138 HIP 73357 13.279±0.045 0.347±0.105 13.260±0.028 0.052±0.121
2009-02-20 2009.138 HIP 73357 13.275±0.045 0.428±0.109 13.272±0.066 -0.100±0.283
2011-03-25 2011.229 HIP 73357 13.274±0.045 0.639±0.118 13.275±0.093 -0.079±0.393
2011-05-09 2011.352 HIP 73357 13.275±0.045 0.604±0.119 13.242±0.072 0.218±0.307
for the pixel scale are well consistent with the results obtained by the common calibration
methods. However, the comparison of the results for the detector orientation shows some
discrepancies in the obtained data. These discrepancies might be due to shifts in the
detected positions of the objects caused by variations in the quality of the AO-correction
during the observation, and/or due to field distortions, which also cause a shift of the
detected position. However, the data vary no more than ∼ 1σ and therefore, the method is




This section provides detailed information on the procedures applied for the analysis of the
data. Starting from a visual inspection of the reduced images, the positions of the primary
and any found companion candidate were measured and converted to a separation and
position angle, described in section 5.1. In section 5.2, the calculation of the evolution of
the separation and the position angle between the companion candidate and the host star
over several observation epochs is specified and the the probability that the found candidate
is an unrelated non-moving background object was investigated either by analysing the
common proper motion, which is indicative for a physical association, or on a statistical
base, depending on the available data. Using the flux-ratio between the primary and the
companion candidate, distance to the Earth and the estimated system age, apparent and
absolute magnitudes as well as the mass of the companion candidate were calculated,
or estimated from evolutionary models, respectively (section 5.3 and section 5.4). For the
different processes in the systematic analysis of each sample star PYTHON scripts were written
to control and monitor the procedures contained in the software packages and programs
utilized for this study.
5.1 Candidate identification and detection
The candidate identification and the determination of the positions was done using the
IDL/starfinder routine (Diolaiti et al. 2000) after a first visual inspection of the reduced
images. As mentioned, IDL/starfinder uses a PSF fitting algorithm applied simultaneous
to all sources in the image which is particularly advantageous for close objects since the
PSF’s of the stars interfere with each other. This overlap would cause an underestimation of
the separation and, therefore, has to be taken into account. As mentioned, the observations
with NaCo were obtained using the jitter technique, where the telescope is shifted slightly
between single exposures. Due to the geometric distortions of the detector the positions of
the objects in the different quadrants vary slightly in each image, and thus the separation
and the position angle also change between the single exposures of one observation. The
effect of the field distortions was taken into account as error in the determination of the
angular separation and the position angle by averaging the computed results for the single
images.
Using the final reduced image, a reference PSF was constructed with IDL/psf_extract
which was then used to fit the object positions with IDL/starfinder in the single images.
In order to avoid false detections or missed objects a reference catalogue of the found stars
was constructed and compared with the detection results. Then the relative distances to
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the primary star for each identified companion candidate was calculated by
∆xi = xi − x0
∆yi = yi − y0 (5.1)
where x0, y0 are the detector coordinates of the primary and xi , yi the coordinates of any
found companion candidate within the image. Given the relative distances, the separation














Since the arctan is defined relative to the x–axis, an angle κ was added to correct the
calculated angle placing the estimated angle in the right quadrant, starting from the y–axis
(North). The result is a set of separations and position angles {ρi ,φi}k , with i = 1 ...Ncc
and k = 1 ...N , where Ncc is the number of identified companion candidates and N is the
total number of images available in a data set. The obtained averaged separations µρ and
position angles µφ for each found object were then converted into an angular separation Θ
and the true position angle PA by applying the calibration results, i.e. the pixel scale PS
and the detector orientation θ, either from the HIP 73357 binary, the 47 Tuc cluster, or the
“auto-calibration” result for the corresponding data set, through
Θ = µρ · PS ∆Θ =
√
(σρ · PS)2 + (µρ ·∆PS)2 (5.4)




For comparison of the results and the statistical analysis of the period distribution the
angular separation Θ was then converted into a projected distance aproj from the primary















where π is the parallax in arc seconds, given in the Hipparcos catalogue and listed in
Table A1. As the majority of the orbital parameters for each resolved system are not
known, the projected separations within this study are given, without applying a correction
factor to estimate the true semi-major axis (Couteau 1960, Kuiper 1935).
However, in a few cases of very faint companion candidates which were only visible in the
reduced and co-added images and not or only marginal visible in the single exposures, the
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described procedure did not succeed. In these cases the ESO-MIDAS (Munich Image Data
System, Warmels 1992) image processing software was used to measure the position of the
objects in the final reduced image by fitting a two-dimensional Gaussian to the companion
candidate positions with the center/gauss routine implemented therein.
In addition to the visual inspection of all images and the detection using starfinder or
ESO-MIDAS the PSF of the primary was subtracted to check for the presents of objects
in the halo of the primary PSF. Therefore, the image was rotated by 360 ◦ in 2 ◦ steps
of angular increment. For each step the difference between the rotated and the original
image was computed and then all difference–images were averaged. The result is a PSF
subtracted image where the radial symmetric parts of the primary stars PSF have been
eliminated. The result of the PSF subtraction is shown on the right side in Figure 15,
exemplary for HIP 20804. Since the PSF of the primary also contains non-radial symmetric
contingents, the star is not fully removed in the PSF subtracted image.
Figure 15. Example images for the illustration of the PSF subtraction applied to the primary
star. Shown is the final reduced VLT/NaCo image of the binary system HIP 20804
before (left) and after the PSF was subtracted (right). The star was observed on
2013-01-04 with the S13 camera in the K s band.
5.2 Common Proper Motion analysis
The separation and the position angle obtained for each target star in the sample combined
with literature values and the estimated masses for the primary and the companion candi-
date(s) were used to investigate the common proper motion of the found candidate(s) with
respect to the primary star.
Therefore, a background hypothesis test was applied. Assuming that the found companion
candidate is a non-moving background object the theoretical change in the position, and
consequently in separation and position angle, of the primary with respect to the fixed
companion candidate was calculated, relative to the first/last observation epoch. If a star
possesses a real companion both objects orbit their common centre of mass while orbiting
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the centre of the Milky Way galaxy. For average seeing conditions and an assumed distance
from the Sun of about 160 pc with a measured separation of 0.8 arcsec, the projected sep-
aration of a companion would be 128 au. Assuming a total system mass of 4 solar masses
and using Kepler’s third law the orbital motion of such an companion would be roughly
1 au/yr. The angular velocity would then correspond to a value of about 0.006 arcsec/yr.
Given the median proper motion of the sample with about 0.03 arcsec/yr the orbital motion
contributes roughly 20% to the proper motion. Although the values for distance, system
mass and proper motion vary for each sample star, this estimation shows that the orbital
motion needs to be taken into account in the search for companions, especially for less
distant target stars with companion candidates at small separations.
Estimation of the background motion
The theoretical change in right ascension ∆αbg and declination ∆δbg, and consequently in
separation and position angle, seen from Earth is a superposition of the proper motion of
the star and the parallactic motion of the star due to Earth’s orbit around the Sun and was
calculated by
∆αbg = ∆αpm +∆απ σ(∆αbg) =
√
σ(∆αpm)2 + σ(∆απ)2
∆δbg = ∆δpm +∆δπ σ(∆δbg) =
√
σ(∆δpm)2 + σ(∆δπ)2 . (5.7)
As a first approximation the change of the position ∆αpm and ∆δpm of the primary with
respect to a fixed background source due to its proper motion is given by
∆αpm = (t − t0) · µα σ(∆αpm) = ∆t · σ(µα)
∆δpm = (t − t0) · µδ σ(∆δpm) = ∆t · σ(µδ) (5.8)
where (t − t0 = ∆t) is the time difference relative to the reference observation and µα
and µδ are the proper motions obtained from the Hipparcos catalogue and listed in Table 2
and Table A1. The second quantity which contributes to the background motion is the
change of the position ∆απ and ∆δπ of the primary with respect to a fixed background
source due to its parallactic motion while the Earth revolves the Sun. For the calculation
of this motion it is necessary to calculate the position of the Earth on its orbit for the
observation date. The formula’s used were taken from the Astronomical Almanac 2007
(Nautical Almanac Office 2007).
As a start the observation dates were converted into Julian dates (JD) and from this the
number of days n from the equinox J2000.0 was calculated by
n = JD − 2451545.0.
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The mean longitude of the Sun L, corrected for aberration, and the mean anomaly g are
given by
L = 280.460◦ + 0.9856474◦ · n
g = 357.528◦ + 0.9856003◦ · n.
Putting L and g in the range of 0◦ and 360◦ by adding multiples of 360◦, the ecliptic
longitude λ⊙ and latitude β⊙ of the Sun can be expressed as:
λ⊙ = L+ 1.915
◦ sin g + 0.020◦ sin 2g
β⊙ = 0
◦
Given the obliquity of the ecpliptic ǫ and the distance of the Sun from Earth R⊙⊕, in au,
by
ǫ = 23.439◦ − 0.0000004◦ · n
R⊙⊕ = 1.00014− 0.01671 cos g − 0.00014 cos 2g
the equatorial rectangular coordinates of the Earth, in au, for a certain Julian date are given
by
X = −R⊙⊕ cosλ⊙, Y = −R⊙⊕ cos ǫ sinλ⊙, Z = −R⊙⊕ sin ǫ sinλ⊙.
Using the calculated coordinates of the Earth, the annual parallax π in the sexagesimal
system and the geocentric equatorial coordinates of the star α0 = αJ2000 and δ0 = δJ2000,
the change in right ascension and declination was estimated via
∆απ = α− α0 = π
15 cos δ0
(X sinα0 − Y cosα0) (5.9)
∆δπ = δ − δ0 = π(X cosα0 sin δ0 + Y sinα0 sin δ0 − Z cos δ0). (5.10)
Estimation of the maximum expected orbital motion
There are several methods for the estimation of the maximum expected orbital motion.
However, in principle they base on the assumption that the greatest change in separation
or position angle would be visible for a circular orbit. Considering the alignment of an
imaged system as seen by an observer from Earth the change in separation of a companion
orbiting his host star would be maximised for an edge-on orbit, whereas, for a pole-on orbit
no change would be visible at all. The same applies for the change of the position angle,
except that the change would be maximised for a pole-on view on the orbit.
The measured separation between a companion candidate an its host star does not neces-
sarily corresponds to the semi-major axis of the system. To take this into account in this
study the maximum possible orbital motion was estimated solving a maximum value prob-
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lem determining the semi-major axis which maximises the velocity of a circular orbit seen
from the edge. Assuming a circular orbit the projected velocity vproj is given as function of
the true orbital speed vcirc and the angle α under which the projection is seen by
vproj = cos(90
◦ − α) · vcirc.
The angle α also corresponds to the angle between projected and true semi-major axis and







This means for an angle of α = 0 ◦ the orbit would be seen pole-on, i.e. the separation
seen by an observer would be similar to the true semi-major axis of the system, but no
orbital motion would be visible. On the other hand, for α = 90 ◦ both objects would fulfil a
transit, and the orbital speed would correspond to the relative velocity of the objects. The
























































Equation 5.11 was solved numerically resulting in an estimated “true” semi-major atrue at
which the projected velocity vproj is at maximum. From this values the change in separation










Therein, d [pc] is the distance of the system given in parsec and ∆t is the time difference of
a measurement relative to the reference epoch. At this point the reader should be reminded
that these estimations were made assuming a circular orbit. Therefore, the obtained results
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have to be taken with reservations, due to the fact that the vast majority of the investigated
systems, if not all, will have most likely orbital eccentricities greater than zero.
Companionship
In order to be able to decide whether a found companion candidate is a unrelated background
object or a physically associated companion, bound by gravity, two approaches were used.
The first is a χ2 probability test following the description by Ehrenreich et al. (2010), and
the second is an estimation of the deviation of the measured and expected values with
respect to a reference observation (e.g., Vogt et al. 2012).
The probability of observing a value of χ2 that is larger than that obtained form the
measurements and literature values for a sample of N observations with ν = 2N−2 degrees
of freedom (df ) is the integral of the probability density of a χ2 distribution (Bevington









where the Γ(n) function is equivalent to the factorial function n! extended to non-integral
arguments, and (x2) represents the possible values of χ2 within the integral sum.
The shift in the position, i.e. in right ascension α and declination δ, of a companion
candidate between two epochs i and j , obtained either from measurements in this work or
from literature, is given by
∆αi→j = Θj sin PAj −Θi sin PAi (5.13)
∆δi→j = Θj cos PAj −Θi cos PAi , (5.14)
where Θ is the separation and PA is the position angle, measured from north to east. These
measured shifts were first compared to the theoretical apparent motion of an object on the
sky assuming that the companion candidate is a non-moving background source. The χ2bg

















Therein ∆α⋆1→i and ∆δ
⋆
1→i are the theoretical shifts in α and δ in the position of the host star
between epoch 1 and i , taking into account the primaries proper motion and the parallactic
motion. The χ2bg value obtained from Equation 5.15 was injected in Equation 5.12 and the
probability Pχ,bg calculated using the PYTHON scipy.stats.chi2 function. For Pχ,bg <
0.01% the object is considered to be background object, labelled as (B)ackground in the
last column in Table A6. However, due to systematic offsets in the position measurements
54 5 Data Analysis
such as variations in the stellar proper motions, discrepancies between the real values and
those from the literature, or the fact that background objects possess a non-negligible
proper motion on the sky, it is possible that Pχ,bg < 0.01% for some objects that are
evidently not co-moving with the primary star.
Therefore, additionally the probability Pχ,cmv, that a companion candidate is co-moving















The result again was injected into Equation 5.12. For Pχ,cmv > 0.01% the object is
considered to be co-moving companion, labelled as (C)o-moving in the last column in
Table A6. However, the value of Pχ,cmv is only a hint of a physical association as it does
not take into account a possible orbital motion of a true co-moving companion. Thus, an
object with very small values of Pχ,bg and Pχ,cmv (< 0.01%) is not necessarily a background
object, due to possible orbital motion.
The second approach, applied in this thesis, uses the deviation between the measured
and expected values for separation and position angle to support or disprove the made
conclusions on the object status from the first method. The significance, i.e. the deviation
in terms of sigma, of a measurement taken at epoch i not being a fixed background object
(σΘ,bg,i and σPA,bg,i) was calculated from the measured deviation in the separation and
position angle of the components between epoch i and the corresponding expected values












Therein, for instance Θbg,i(Θ0) would be the expected separation in case the identified
companion candidate is a non-moving background object. The associated uncertainty in
that value δΘ,bg,i(δΘ0), essentially represents the background cone at epoch i relative to the
reference epoch 0 taking into account the proper motion and the measurement uncertainty
at the reference epoch. If the combined significance (σΘ,bg,i + σPA,bg,i) is greater than 3 σ,
the hypothesis of a non-moving background object is rejected and the companion candidate
can be considered co-moving.
The significance of a measurement at epoch i representing possible orbital motion, on
the other hand, was estimated similarly to the significance not being a background object
for each epoch as a measure of the differences in separation and position angle from the
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No significant changes over time (σΘ,orb,i + σPA,orb,i < 3 σ) are a strong hint for a co-
moving object, while monotonically increasing deviations over time, in combination with
significant variations from a non-moving background source, support the status of a physical
companion showing possible orbital motion. Please note that orbital motion in this context
has to be taken with reservation, due to the orbital periods that are possible ranging from
a few hundred up to several thousands of years. This is very long compared to the typical
observation intervals of maybe five, ten or in some cases one-hundred years.
The results of the astrometric search for companions as well as the calculated significances
and results of the χ2 probability tests, are listed exemplary in Table 11. The full list of all
results obtained from the sample target stars with more than one observation or objects
with an archival data set and previously published data points is given in Table A3. Please
note that only literature data points with explicitly given uncertainties were used to avoid
biases introduced by under-/overestimation of the measurement uncertainties.
Table 11. Astrometric results for visual binaries and multiples identified in this study.
HIP MJD Ref. Sep Sepbg Sign.
a Sign. orb. PAb PAbg Sign.
a Sign. orb. Pχ,bg Pχ,cmv
(days) (arcsec) (arcsec) not Backg. motion (deg) (deg) not Backg. motion
Θ± δΘ Θbg ± δΘ,bg σΘ,bg σΘ,orb. PA±δPA PAbg ± δPA, bg σPA,bg σPA,orb. (%) (%)
Binaries
2548 51065.000 Mason et al. (2001) 0.274±0.001 0.489±0.005 45.5 51.3 284.4±0.1 335.9±0.6 86.5 88.8 0.00 0.00
51466.000 Horch et al. (2000) 0.29±0.01 0.445±0.004 14.4 6.8 278.1±0.1 333.4±0.6 93.3 53.8
51477.000 Mason et al. (2001) 0.270±0.001 0.444±0.004 41.3 47.4 283.1±0.1 333.4±0.6 84.8 81.5
52872.000 Horch et al. (2008) 0.283±0.001 0.310±0.002 11.0 60.1 279.4±0.1 316.5±0.5 67.7 61.0
53297.000 Mason et al. (2006) 0.30±0.05 0.273±0.002 0.5 1.6 281.4±0.1 309.3±0.5 54.4 72.1
53710.049 (1) 0.2710±0.0009 0.245±0.001 17.3 52.6 278.0±0.2 299.9±0.4 45.5 38.9
54359.246 (1) 0.241±0.001 0.2247±0.0004 14.8 18.7 275.6±0.2 280.6±0.3 15.4 31.2
54746.000 Tokovinin et al. (2010) 0.2217±0.0002 c c c 268.4±0.1 c c c
15627 48475.000 Fabricius et al. (2002) 0.990±0.007 1.04±0.01 3.2 13.2 228.2±0.6 192.4±0.9 32.8 12.3 0.00 0.00
54024.221 (1) 0.874±0.005 c c c 218.4±0.5 c c c
: : : : : : : : : : : : :
Higher-order multiple systems
24925AB 48348.000 ESA (1997) 0.53±0.01 d d d 196.0±0.5 d d d 0.00 0.00
53379.159 (1) 0.5102±0.0008 0.48±0.02 1.3 1.5 199.66±0.08 189.8±2.0 5.6 7.2
56189.342 (1) 0.5084±0.0008 0.45±0.03 1.7 1.7 200.39±0.06 185.4±3.0 5.8 8.7
56296.120 (1) 0.5086±0.0006 0.45±0.03 1.7 1.7 199.49±0.06 185.4±3.0 5.4 6.9
24925AC 53379.159 (1) 4.570±0.006 d d d 284.94±0.08 d d d 0.00 0.00
56189.342 (1) 4.579±0.004 4.56±0.01 1.7 1.2 284.79±0.05 285.5±0.1 5.7 1.6
56296.120 (1) 4.586±0.005 4.56±0.01 2.3 2.0 283.93±0.06 285.5±0.1 12.3 10.4
26237AB 53469.976 (1) 0.151±0.001 0.21±0.02 3.8 1.6 330.1±0.6 345.1±2.0 8.3 62.1 0.01 0.00
56189.387 (1) 0.1586±0.0006 0.168±0.007 1.3 0.1 358.2±0.1 361.0±0.5 5.9 56.9
56970.000 Tokovinin et al. (2015) 0.159±0.005 c c c 366.2±0.1 c c c
: : : : : : : : : : : : :
Notes. The full list is presented in Table A3.
(a) Assuming the fainter component is a non-moving background star.
(b) Position angle (PA) is measured from N over E to S.
(c) Significances are given relative to the last epoch.
(d) Significances are given relative to the first epoch.
References. (1) This work; otherwise given in table
The computed data for each object listed in Table 11 and Table A3 are additionally il-
lustrated in so-called common proper motion diagrams (CPMD). These plots also help to
interpret the results correctly. In Figure 16 the outcome for the common proper motion
analysis of HIP 20042 is visualized as example. Shown are the separation (left panel) and
position angle (right panel) versus observing epoch for the data obtained in course of this
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Estimation of the chance projection
The common proper motion analysis can not be applied for sample systems with only one
observation or where the time difference between the observations is not large enough to
measure significant changes in the separation or the position angle. For those systems a
statistical approach was applied to estimate the probability of any found companion candi-
date being a chance superposition (see e.g., Brandner et al. 2000, Correia et al. 2006).
To dispose this method it is necessary to determine the local surface density of background/-
foreground sources in a field surrounding each primary. Given the apparent magnitude of
the companion candidate(s) in J , H , or K s calculated from the flux-ratio between primary
and companion candidate(s), the number of sources as least as bright as the companion
candidate(s) was determined from the 2MASS point source catalogue within a 2◦×2◦ box
surrounding each primary. The result is an average surface density of objects brighter than
this limiting magnitude, herein after referred to as Σ(m < mcomp). The total number of
2MASS point sources surrounding each sample star scaled to one square arc minutes is
given as last column in Table 2 and Table A1.
The probability Pr(Σ,Θ) of at least one unrelated source being located within a certain
angular separation Θ from a particular primary star was derived employing the laws of prob-
ability, particularly using the binomial distribution B(k |N , p) as ansatz.
Assuming that the random variable X follows the binomial distribution with parameter N
and p, the probability of finding exactly k unrelated sources among a sample of N random
uniform distributed stars, which are as least as bright as the companion candidate, is given
by the probability mass function (pmf), and can be expressed as:




The probability of success p to find one unrelated source around any random selected object






The FoV of the S 27 objective of the NaCo imager is about 27′′×27′′ for instance, i.e. Θmax
is ≈ 14 arcsec and the area therefore ∼ 616 arcsec2. Thus, with the selected area A of
2◦×2◦ ∼= 51.8× 106 arcsec2 the probability of finding one unrelated object in the vicinity
of any primary source, within a sample of N uniform distributed sources, is about 0.001%.
This estimation is an upper limit, i.e. in practice, p is even lower for almost all investigated
objects in this thesis. Hence, it can be assumed that the probability of success p is much
less than one (p ≪ 1). The number of stars N , as least as bright as the investigated
companion candidate, typically contained in an area A around any target primary is much
larger than the number of observed sources k within an NaCo image, i.e. it is assumed
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that k << N(m < mcomp).
Using these assumptions, the following two approximations can be made to Equation 5.19:
1) for p << 1
(1− p)N−k ≈ e−Np, and
2) for k << N(m < mcomp)
N!
(N − k)! ≈ N
k .
The result is the Poisson distribution, also known as law of rare events, which is given by




Replacing p in Equation 5.21 by Equation 5.20 gives the probability of finding exactly k
objects among N sources:
















The probability of finding at least one unrelated source (k = 1), namely the identified
companion candidate, in a certain distance of the primary Θ is equal to the probability of
finding at most zero objects (k = 0). Hence,
Pr(X ≥ 1) = 1− Pr(X < 1) = 1− (πΣΘ2)0︸ ︷︷ ︸
=1
·e−πΣΘ2
⇒ Pr(Σ,Θ) = 1− e−πΣΘ2 . (5.23)
The probability Pr(Σ,Θ) of finding an unrelated source in the vicinity of a primary source,
calculated for each sample star with a found companion candidate, is listed in the second last
column in Table A6. The objects whose probability Pr(Σ,Θ) of being a chance projection
is less than 5% are considered to be likely co-moving companions, while in those cases
where Pr(Σ,Θ) > 5% the source is likely background containment, respectively. However,
further observations are required to prove or reject their physical association to the primary.
5.3 Photometry
The photometry, i.e the magnitude difference, the apparent and absolute magnitudes of the
primary star and any found companion candidate, was calculated using the measured flux
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ratios between the host star and the companion candidates, the combined near-infrared
JHK s magnitudes obtained from the 2MASS point source catalogue (Cutri et al. 2003)
and the distance of the system. A PYTHON program was written using IDL-DAOPHOT11
procedures to quantify the flux ratios and calculate the individual magnitudes for each
epoch in the observed bands.
For target systems with companion candidates at small separations simultaneous PSF-fitting
of all sources was applied using IDL/nstar. At larger separations aperture photometry was
employed using IDL/aper to obtain the flux ratios. This differentiation was made to take
advantage of the capabilities of both measurement processes.
The basic principle of PSF-fitting is that every point source in an image, at least in theory,
has the same intrinsic profile shape, i.e. they differ only in their brightness and amplitude.
This means that a standard star profile can be established, which then can be scaled up or
down in amplitude to fit any individual source. PSF-fitting, in general, is more immune to
crowding than aperture photometry. The best-scale factor is determined by using the pixels
in the core of the stars profile, which contain most of the signal. It is not necessary to
use the wings, because all sources have the same profile. Therefore, the profiles of nearby
sources such as a close binary can overlap partially and it is still possible to obtain accurate
PSF scaling factors. However, in reality the images of point sources are convolved with the
telescope optics and blurring by the Earth’s atmosphere.
The latter one can be removed almost completely using AO systems. However, the quality
of such systems, in turn, depend on parameter such as seeing, the Fried parameter r0, the
atmospheric time constant τ0 and the isoplanatic angle.
To illustrate the deformation of the stellar profiles an image of the dense globular cluster
47Tuc taken on September 2012 is shown in Figure 17. The deformation of the stars with
increasing distance to the central star of this image is clearly visible. The reference star for
the AO correction is marked with a white circle.
In aperture photometry on the other hand, the sources are enclosed by a circle of radius r
and all the flux contained in that circle is added. The contribution of the background in
the same area is subtracted afterwards yielding an “absolute” measurement of the source’s
brightness, in Analogue Digital Units (ADU). This value can be converted directly to the
number of photoelectrons N(e−) captured by the CCD when multiplied by the CCD gain
factor. The advantage of aperture photometry is that it does not depend on the shape of the
stellar profile, since all arriving photoelectrons of a source within the aperture are counted.
However, if the light from a source is contaminated by a secondary source for instance,
the measured flux would be overestimated and consequently would produce wrong results.
The stars were selected from the IDL/starfinder detection results, and the positions
were used as input for either aperture or PSF photometry after selecting the appropriate
procedure.
The magnitude differences of the detected objects in each epoch, relative to the primary
11Astronomy User‘s Library, a collection of astronomy-related procedures written in the IDL programming
language (Landsman 1995), and adopted from IRAF-DAOPHOT packages (Stetson 1987).
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Figure 17. Image of 47Tuc observed with the NaCo S13 objective in the K s band on September
2012. The image illustrates the effect of deformation of the stellar profiles by AO
correction with increasing distance to the reference star, marked with a white circle.
star, were then computed, via



















where Fi is the measured flux of source i , and Fprim is the measured flux of the primary star.
Owing to the lack of photometric calibrators or photometric conditions in the vast majority
of the investigated nights, the apparent magnitude of each individual object was calculated
by assuming the combined brightness of the objects, measured by 2MASS in one epoch.
The combined brightness mX ,2MASS was divided into individual magnitudes mX ,i according
to the measured flux ratio in each filter band X , via
mX ,i = mX ,2MASS − 2.5 · log10
(
FX ,i
FX ,0 + FX ,1 + · · ·+ FX ,N
)
, (5.25)
where FX ,i is the flux of the investigated source i and FX ,0 + FX ,1 + · · · + FX ,N is the
total flux of all sources contributing to the combined brightness, obtained from 2MASS.
However, it should be pointed out that by using the combined brightness from the 2MASS
catalogue a possible variability of the objects is not taken into account, and hence has to
be taken with reservations.
The absolute magnitude MX ,i of the object i in the image, including the correction for
interstellar extinction, is given by
MX ,i = mX ,i − AX + 5− 5 · log10D[pc] (5.26)
∆MX ,i = ∆mX ,i +∆AX +
5 ·∆D
D · log(10), (5.27)
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where mX ,i is the calculated apparent magnitude of the investigated source i , AX is the
estimated interstellar extinction in the used filter band X (X = JHK s) and D is the
distance of the system, given in parsec. AX was calculated from the constant extinction
ratios AX/AV published by Savage and Mathis (1979), Rieke and Lebofsky (1985) and
Cardelli et al. (1989), and listed in Table 12. The visual extinction AV was obtained from
the procedures used for the determination of physical parameter (see section 5.4). The listed
extinction ratio values in Table 12 vary slightly, therefore, the average constant extinction
ratio CX , at near-infrared wavelengths, was utilized to calculate the interstellar extinction
AX in this study. For observations taken in intermediate band (IB) or narrow band (NB)
filter, e.g., IB2.18 or NB2.12, the interstellar extinction was calculated applying the nearest
corresponding JHK s filter coefficient according to their central wavelength. The obtained
Table 12. Extinction ratios at near-infrared wavelengths
AX/AV for RV = 3.1
Filter (X ) (1) (2) (3) CX
J 0.282 0.281 0.282 0.282±0.001
H 0.190 - 0.175 0.182±0.011
K 0.114 0.123 0.112 0.114±0.006
Notes. RV is the ratio of the visual extinction AV and
the colour excess EB−V . CX is the constant average
extinction ratio in filter band X applied in this study.
References. (1) Cardelli et al. (1989). (2) Savage
and Mathis (1979). (3) Rieke and Lebofsky (1985).
magnitude differences as well as the calculated apparent an absolute magnitudes are listed
exemplary in Table 13 and the full list of all investigated objects is given in Table A4.
5.4 Determination of physical parameter
This section deals with the determination of the fundamental parameter of the primary and
the found companions. In subsection 5.4.1, the procedure to estimate the primary mass
and the system age is described, and in subsection 5.4.2 the estimation of the physical
parameter of any found companion is explained.
5.4.1 Primary mass and age
The method presented in this section is based on the work by Dr. Janos Schmidt, which is
also published in Schmidt et al. (2014). The procedure therein was adopted for this work to
get an estimate of the primary mass and age using the most recent version of the MATLAB
program (MATLAB 2010) developed and kindly provided by Dr. Schmidt.












Table 13. Measured brightness differences, apparent and absolute magnitudes for the visual companions identified in this study.
Object Distance Observation Band ∆ma msystem mprim mcomp Mprim Mcomp
(pc) date (mag) (mag) (mag) (mag) (mag) (mag)
Binaries
2548 81.0+3.8−3.5 2005-12-06 K s 1.1620±0.0044 5.637±0.019 5.96±0.02 7.119±0.022 1.415+0.103−0.095 2.577+0.104−0.095
2007-09-16 K s 1.1400±0.0054 5.637±0.019 5.96±0.02 7.103±0.023 1.421+0.103−0.095 2.561+0.104−0.095
15627 156.0+20.1−16.0 2006-10-16 H 2.166±0.049 5.439±0.017 5.578±0.025 7.743±0.075 −0.44+0.28−0.22 1.73+0.29−0.23
16511 107.4+4.6−4.2 2005-01-06 K s 2.547±0.025 5.881±0.017 5.980±0.019 8.53±0.04 0.824+0.094−0.087 3.371+0.101−0.094
2005-11-26 K s 2.710±0.025 5.881±0.017 5.967±0.019 8.68±0.04 0.811+0.094−0.087 3.521+0.101−0.094
2011-08-25 K s 2.353±0.029 5.881±0.017 6.00±0.02 8.351±0.043 0.843+0.095−0.087 3.195+0.102−0.095
16803 149.3+12.3−10.6 2005-01-09 K s 0.884±0.012 5.526±0.024 5.924±0.028 6.808±0.032 0.07+0.18−0.16 0.96+0.18−0.16
2007-09-20 K s 0.812±0.026 5.526±0.024 5.947±0.032 6.759±0.042 0.09+0.18−0.16 0.91+0.18−0.16
2007-09-30 K s 0.798±0.013 5.526±0.024 5.951±0.028 6.749±0.033 0.10+0.18−0.16 0.90+0.18−0.16
17563 163.7+8.2−7.4 2005-01-10 K s 5.88±0.13 5.592±0.02 5.597±0.021 11.48±0.16 −0.5+0.1−0.1 5.38+0.19−0.18
: : : : : : : : : :
Higher-order multiple systems
24925AB 281.7+158.8−74.7 2005-01-09 K s 2.27637±0.00077 6.433±0.019 6.62±0.02 8.899±0.021 −0.65+1.22−0.58 1.62+1.22−0.58
2012-09-19 K s 2.2885±0.0043 6.433±0.019 6.618±0.021 8.906±0.024 −0.66+1.22−0.58 1.63+1.22−0.58
2013-01-04 K s 2.258±0.001 6.433±0.019 6.62±0.02 8.878±0.021 −0.66+1.22−0.58 1.60+1.22−0.58
24925AC 2005-01-09 K s 2.920±0.015 6.433±0.019 6.62±0.02 9.542±0.034 −0.65+1.22−0.58 2.27+1.22−0.58
2012-09-19 K s 2.988±0.022 6.433±0.019 6.618±0.021 9.605±0.041 −0.66+1.22−0.58 2.33+1.23−0.58
2013-01-04 K s 3.001±0.012 6.433±0.019 6.62±0.02 9.62±0.03 −0.66+1.22−0.58 2.35+1.22−0.58
26237AB 271.0+130.6−66.5 2005-04-09 K s 0.9890±0.0089 5.056±0.017 5.536±0.025 6.525±0.029 −1.67+1.05−0.53 −0.68+1.05−0.53
2012-09-19 K s 1.0510±0.0058 5.056±0.017 5.516±0.018 6.567±0.021 −1.69+1.05−0.53 −0.63+1.05−0.53
26237AC 2005-04-09 K s 2.036±0.054 5.056±0.017 5.536±0.025 7.572±0.068 −1.67+1.05−0.53 0.37+1.05−0.54
2012-09-19 K s 2.07312±0.00018 5.056±0.017 5.516±0.018 7.589±0.019 −1.69+1.05−0.53 0.39+1.05−0.53
: : : : : : : : : :
Notes. The given companion identification AB, AC, etc. for visual higher-order multiples indicates the sequences of detection by increasing magnitude
difference. The full list is presented in Table A4.
a Measured magnitude difference in the given band.
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parallax, spectral type and luminosity class, the effective temperature Teff , the interstellar
extinction in the V band AV and the bolometric luminosity Lbol were derived, and then
the mass and age were estimated comparing the results with theoretical models. The most
important steps of the procedure are described in the following.
The given spectral type from literature was employed to calculate the effective temperature
using data from Lang (1992)12 and Kenyon and Hartmann (1995) for main sequence stars.
The temperature was then linear interpolated between neighbouring grid-points for a deci-
mal spectral type. To get an estimate on the error of the temperature an uncertainty of the
spectral type of ±1 subclass was assumed. This rather conservative assumption was made
to take into account that the source of the given spectral type is mostly unknown, i.e. it is
not clear whether the given spectral type was determined by photometric or spectroscopic
analysis.
The interstellar reddening in the V band AV due to interstellar extinction was compiled
from the measured colours (X − V )m and the model colours (X − V )0 by Bessell et al.
(1998), via
AV =
(X − V )m − (X − V )0
AX
AV
− 1 . (5.28)
The constant ratios AX
AV
applied for the different available bands X (X = BVJHK ) are listed
in Table 12. However, the model data by Bessell et al. (1998) depend on log g and the
temperature, hence on the spectral classification. The investigated sample does not contain
objects with negative parallax values. Therefore, no correction of the parallaxes according
to Smith and Eichhorn (1996) was applied. The bolometric luminosity was then derived by
Lbol = 10
0.4·(5 log d−5+4.74−BCV−mV+AV ), (5.29)
where d is the distance in pc, BCV the bolometric correction in the V band, mV the
apparent V band magnitude, and AV the corresponding interstellar extinction. The BCV
obtained from Bessell et al. (1998) was calibrated to the bolometric magnitude of the
Sun Mbol,⊙ = 4.74mag and is consistent with the apparent magnitude of the Sun V⊙ =
−26.76mag given in their paper. This test is suggested by Torres (2010), because the
zero point of BCV is arbitrary, while the bolometric magnitude of the Sun Mbol,⊙ cannot
be chosen arbitrary.
Mass and age were estimated by comparing the calculated bolometric luminosities and
effective temperatures with theoretical models for solar metallicity by Schaller et al. (1992),
Bertelli et al. (1994) and Claret (2004). The metallicity is only well known for few stars
and affect the mass estimation only by a few percent. The differences in mass between the
models with the same metallicity are comparable to this (Hohle et al. 2010). The results
were averaged from the error-weighted closest grip points per model.
The results of the parameter estimation for the 315 primary stars (blue dots), without
the post-RGB star HIP 3678, contained in this sample are shown in the left-hand panel of
12Originally from Schmidt-Kaler (1982)
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data those tables were selected where the metallicity Z is about 0.02 and the fraction of
helium Y is roughly 0.26. The main characteristics of the used models are summarised in
Table 14. The evolutionary models slightly differ in their assumed metallicity. This also
effects the obtained masses. However, the variation between these models is very low, and
therefore the variation of the results is also expected to be at a negligible level of percent-
age. The mass range covered by the evolutionary tracks varies from 0.02M⊙ to more than
20M⊙, and the available isochrones range from a few thousand year up to several Gyr.
For each model a three-dimensional grid was constructed with the input parameter age
Table 14. Parameter ranges covered by the utilised evolutionary models.
Model Y Z Mass Age
M⊙ log10([yr ])
Baraffe et al. (1998; 2002) 0.275 -a 0.02–1.4 6.0–9.9
Siess et al. (2000) 0.279 0.02 0.1–7.0 ∼3.0–10.4
Girardi et al. (2000) 0.273 0.019 0.1–7.0 7.8–10.25
Bertelli et al. (2009) 0.26 0.017 0.15–20.0 8.95–10.15
Bressan et al. (2012) 0.275 0.0152 0.1–350 6.0–10.1
a Baraffe et al. (1998) only gives the total metal abundance [M/H]=0.
and magnitude in the x-y plane and the resulting physical parameter in z direction. Points
between the model grid points were estimated by linear interpolation. Given the input pa-
rameter, magnitude and age, and their associated uncertainties (3×3 values in total), the
mass and the other parameter were determined as median and standard deviation of this set
of 9 result data points. Finally, the results of the different models were averaged to obtain
mass, luminosity and effective temperature of any found companion. The uncertainty of
the results was determined from the average error of each model.
In order to analyse the binary properties of the sample statistically, the mass ratio q for
each system and each model was calculated from the estimated mass of the primary and





where MS donates the mass of the companion and MP the mass of the primary. The
obtained mass ratios from each model were also averaged. The physical parameter derived
for each sample stars and their identified companion(s) as well as the calculated average












Table 15. Estimated masses for the visual companions resolved in this study. The full list is presented in Table A5.
Mcomp
Object log(Age[yr ]) Observation Band MX ,comp Mprim (1) (2) (3) (4) (5) (6) Mcomp q
date (mag) (M⊙) (M⊙) (M⊙) (M⊙) (M⊙) (M⊙) (M⊙) (M⊙)
Binaries
2548 9.06+0.03−0.04 2005-12-06 K s 2.577
+0.104
−0.095 2.00±0.01 1.26±0.02 1.24±0.03 1.28±0.03 1.28±0.03 1.29±0.03 1.27±0.03 0.64±0.01
2007-09-16 K s 2.561+0.104−0.095 1.27±0.03 1.24±0.03 1.28±0.03 1.28±0.03 1.30±0.03 1.28±0.03 0.64±0.01
15627 7.64+0.08−0.09 2006-10-16 H 1.73
+0.29
−0.23 4.4±0.1 2.1±0.3 2.0±0.2 2.1±0.2 2.1±0.2 0.46±0.06
16511 8.1+0.1−0.2 2005-01-06 K s 3.371
+0.101
−0.094 2.65±0.07 1.06±0.02 1.03±0.02 1.07±0.02 1.06±0.02 1.07±0.03 1.06±0.02 0.40±0.01
2005-11-26 K s 3.521+0.101−0.094 1.02±0.02 0.99±0.02 1.03±0.02 1.02±0.02 1.03±0.02 1.02±0.02 0.38±0.01
2011-08-25 K s 3.195+0.102−0.095 1.12±0.02 1.08±0.02 1.12±0.03 1.11±0.03 1.13±0.03 1.11±0.03 0.42±0.01
16803 8.47+0.03−0.03 2005-01-09 K s 0.96
+0.18
−0.16 3.13±0.04 2.34±0.09 2.5±0.1 2.5±0.1 2.5±0.1 2.4±0.1 0.78±0.03
2007-09-20 K s 0.91+0.18−0.16 2.4±0.1 2.5±0.1 2.5±0.1 2.5±0.1 2.5±0.1 0.79±0.03
2007-09-30 K s 0.90+0.18−0.16 2.38±0.09 2.5±0.1 2.5±0.1 2.5±0.1 2.5±0.1 0.79±0.03
17563 7.1+0.3−0.7 2005-01-10 K s 5.38
+0.19
−0.18 5.9±0.3 0.58±0.03 0.2±0.1 0.2±0.1 0.56±0.03 0.3±0.1 0.39±0.09 0.07±0.02
20020 8.26+0.03−0.04 2004-12-08 K s 2.04
+0.12
−0.11 2.79±0.06 1.61±0.07 1.69±0.07 1.65±0.08 1.67±0.08 1.66±0.08 0.59±0.03
2007-09-20 K s 2.06+0.13−0.12 1.58±0.08 1.68±0.07 1.64±0.08 1.66±0.08 1.64±0.08 0.59±0.03
2007-09-30 K s 2.0+0.1−0.1 1.61±0.07 1.69±0.07 1.65±0.08 1.67±0.07 1.66±0.07 0.59±0.03
20042 7.4+0.2−0.3 2005-11-16 K s 6.48
+0.32
−0.32 3.9807±0.0005 0.37±0.04 0.17±0.05 0.15±0.05 0.35±0.05 0.19±0.05 0.25±0.05 0.06±0.01
2012-09-19 K s 7.24+0.35−0.35 0.26±0.04 0.10±0.03 0.10±0.01 0.24±0.03 0.13±0.03 0.17±0.03 0.042±0.007
: : : : : : : : : : : : : :
Higher-order multiple systems
24925AB 8.12+0.04−0.05 2005-01-09 K s 1.62
+1.22
−0.58 3.8±0.1 2.0±0.7 2.1±0.8 2.3±0.7 2.3±0.7 2.2±0.7 0.6±0.2
2012-09-19 K s 1.63+1.22−0.58 2.0±0.7 2.1±0.8 2.3±0.7 2.3±0.7 2.2±0.7 0.6±0.2
2013-01-04 K s 1.60+1.22−0.58 2.0±0.7 2.1±0.8 2.3±0.7 2.3±0.7 2.2±0.7 0.6±0.2
24925AC 2005-01-09 K s 2.27+1.22−0.58 1.5±0.6 1.1874±0.0008 1.6±0.7 1.8±0.6 1.8±0.6 1.6±0.5 0.4±0.1
2012-09-19 K s 2.33+1.23−0.58 1.4±0.6 1.1654±0.0005 1.5±0.6 1.7±0.6 1.8±0.6 1.5±0.5 0.4±0.1
2013-01-04 K s 2.35+1.22−0.58 1.4±0.6 1.1601±0.0005 1.5±0.6 1.7±0.6 1.7±0.6 1.5±0.5 0.4±0.1
26237AB 6.98+0.05−0.06 2005-04-09 K s −0.68+1.05−0.53 10.9±0.4 7.0±0.7 7.3±2.0 7.3±2.0 7.2±2.0 0.7±0.2
2012-09-19 K s −0.63+1.05−0.53 6.9±0.7 7.2±2.0 7.2±2.0 7.1±2.0 0.6±0.2
26237AC 2005-04-09 K s 0.37+1.05−0.54 4.4±2.0 4.6±1.0 4.6±1.0 4.5±2.0 0.4±0.1
2012-09-19 K s 0.39+1.05−0.53 4.3±2.0 4.6±1.0 4.6±1.0 4.5±2.0 0.4±0.1
39331AB 7.34+0.04−0.05 2007-01-20 K s 7.25
+1.36
−0.61 9.2±0.5 0.3±0.1 0.13±0.08 0.3±0.1 0.19±0.08 0.2±0.1 0.02±0.01
39331AC 2007-01-20 K s 7.49+1.37−0.61 0.3±0.1 0.11±0.07 0.3±0.1 0.2±0.1 0.02±0.01
42504AB 7.2+0.2−0.4 2006-01-07 K s 2.6
+0.1
−0.1 5.0±1.0 1.23±0.04 1.30±0.06 1.31±0.04 1.30±0.06 1.28±0.05 0.26±0.01
42504AC 2006-01-07 K s 4.75+0.12−0.11 0.71±0.02 0.5±0.1 0.5±0.1 0.69±0.02 0.5±0.1 0.6±0.1 0.11±0.02
: : : : : : : : : : : : : :
Note. Mcomp is the average mass obtained from available models. q is the mass ratio as function of the primary mass; q = Mcomp/MP.
References. (1) Delfosse et al. (2000); empirical mass-luminosity relation for M . 1.0M⊙. (2) Girardi et al. (2000). (3) Baraffe et al. (2002).
(4) Siess et al. (2000). (5) Bertelli et al. (2009). (6) Bressan et al. (2012)
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6 Detection limits and completeness
In order to minimize the bias in the characterisation of the multiplicity status of all target
objects, and consequently in the resulting distribution of the companion properties, the
quantitative detection limits were estimated in the course of the analysis of each target
star. These limits depend on a variety of parameter such as the atmospheric conditions, i.e.
seeing and coherence time, in the observing night, the total exposure time, but also on the
angular separation and magnitude difference from the bright primary star. The achieved
contrast level for each target star were used to create a completeness map of the survey in
order to be able to estimate reasonable limits for the statistical analysis.
Detection limits
To measure the detection limits as a function of the angular separation, a one-dimensional
sensitivity curve was created using the following procedure. First, for each pixel i on
the detector the distance ri to the previously determined position of the central star was
calculated, and the corresponding measured flux Fj stored. Then, n annuli of equal width
w were selected depending on the central wavelength λ of the used filter by
w = 0.61 · λ
D
,
the half diffraction limit available in the observation. D is the size of the mirror at the VLT,
with D = 8.2m. For a typical observation investigated in this study, taken in the K s band
(λ = 2.18 µm) with the S13 objective, the width of an annulus w is ≈ 2.5 Px.
The flux values Fj from all rj ∈ (Ri ,Ri+1], with i = 0, 1, ... n − 1, were than sorted, the
upper and lower 10% excluded and those values rejected which deviate by more than 3σ13
from the median in order to remove the contribution of the stars contained in the annulus
from the calculation. The standard deviation of the remaining values σ(R) was than used
as estimate of the background noise. The resulting 3 σ contrast level as a function of the
angular separation is then estimated to be






The procedure described above was also applied to the PSF-subtracted image. However,
the differences between the two resulting curves is only marginal. The main reason for this
is that the main source of the noise is the photon-noise which is superimposed with the
measured signal. The removal of the signal by subtraction of the PSF does not significantly
change the measured residual noise, and thus the computed sensitivity remains almost
equal.
13The choice of the 3σ noise level was confirmed by inserting and retrieving simulated companions
at this contrast level by Haase (2009).
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brown dwarf limit (M . 75MJup) is indicated by the blue dotted lines. In case of HIP 20042,
located at a distance of about 55 pc from Earth and with an estimated age of ≈ 27Myr,
sub-stellar objects could have been detected at separations larger than ≈ 0.6 arcsec or
≈ 33 au, respectively. The diffraction limit in the observed band and the closest image





























Figure 20. Plot of the average sensitivity, i.e. the achieved magnitude difference as function of
the angular separation of all NaCo observations investigated in this study, including
stars without detection of candidate companions in the FoV of the NaCo image.
Companion candidates with more than one NaCo observation are plotted as filled
circles, those with only one NaCo observation are indicated by open circles. The
used filter band is illustrated by the colour of the observed objects and the average
sensitivity curves (H-red; K s-black), respectively, while the used objectives (S13-
solid; S27-dashed; SDI-dotted) are represented by the shape of the lines. Duplicate
observations of the same companion have not been removed in this picture.
The average sensitivity curve for each used NaCo objective and filter band is shown in
Figure 20. Companion candidates with more than one VLT/NaCo observation within this
study are shown as filled circles, while companion candidates with only one available obser-
vation are plotted as open circles. The used NaCo objectives are indicated by the shape of
the lines, whereas the colour of the lines and the circles represent the filter band in which
the images were taken. Note that duplicate observations of the same companion have not
been removed in the picture.
The detection limits in the different bands and observed with SDI, S13 or S27 are com-
parable for separations smaller than about 0.3′′ and typical average contrasts achieved are
5mag, 7.5mag and 8mag at 0.2′′, 0.5′′ and >0.8′′ from the primary star, respectively.
The best average contrast of ∆m ≈ 9mag, however, was achieved in the K s band images
obtained with the NaCo S13 and S27 objective for separations ρ & 2 arcsec. Towards larger
angular distances the survey is limited by the field of view of the S27 objective, and thus
objects with ρ & 15′′ cannot be measured. At closer separations this survey is limited by the
PSF wings of the corresponding primary star which hinder the detection of even relatively
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respectively.
The completeness distribution appears smoother in terms of the angular separation ρ and
the magnitude difference ∆m compared to the right-hand panel due to the relatively small
uncertainties in the astrometric and photometric measurements. In this plane a complete-
ness of more than 90% was achieved at a K band magnitude difference of about 7mag for
separations between 1 to 9 arcsec. Beyond this separation the completeness drops rapidly
due to the FoV of the S 13 objective and its superimposition with the FoV of the S 27
objective. The completeness in the plane of the deduced parameter, on the other hand,
appears less smooth due to the uncertainties in a variety of parameter such as distance to
the star, spectral type or magnitude of the primary, respectively, which were employed for
the calculations. The uncertainties are reflected in the calculated ages, and consequently
in the derived masses, as well as in the projected separations. This leads to the reduced
completeness observed in the sample.
Also visible is the mentioned deficiency of low mass-ratio companions (q . 0.1) at close
separations smaller than about 100 au, due to the PSF wings of the corresponding primary
star, while numerous possible companions are observed with q < 0.1 at projected distances
between about 100 and 2000 au.
As pointed out in section 5.2, the probability of finding a background source in the vicinity
of a target star is a function of the distance to the star and the brightness of the candidate
companion, and in particular distant, very faint companion candidates therefore show an
increased probability of being a background source. While this is no problem for those
targets with more than one observation, where background sources are identified through
the CPM analysis, it is well possible that the sample of remaining companion candidates,
with an inconclusive companion status, includes a few background sources. However, given
the low number of objects with only one observation the number of background sources is
expected to be negligible.
The following limits were specified for the statistical analysis as reasonable compromise
between the minimum number of background objects included by mistake in the sample,
the number of missed possible companions due to incompleteness, but also to ensure a fair,
quantitative comparison of the results with other surveys, respectively.
(1) A main sample containing the companions confirmed by the CPM analysis, which
is not affected by background objects. To minimise the detection bias in q at small
separations the mass ratio was limited to q ≥ 0.05.
(2) A combined sample including the confirmed companions as well as the remaining
candidate companions with q ≥ 0.1 to minimise the number of possible background
sources.
(3) A second sub-sample, constructed for completeness, including the confirmed com-
panions as well as the remaining candidate companions with q ≥ 0.05, which
marginally increases the chance of included background sources.
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(4) All sample were also restricted to detections at separations between 20 and 2000 au,
following the completeness limit of 68% (dashed line), because at smaller and larger
distances the detection bias in q becomes too important.
From the inspection of the completeness, achieved in this thesis, it is evident that a future
extension of this work requires a combination of different observation techniques to minimise
observational and target selection biases, inherited in the analysed archive data. While larger
separations can be mapped using wide-field adaptive optic observations and may include
also historical photographic plate observations, next-generation extreme AO systems, such
as VLT/SPHERE, and advanced imaging and analysis techniques, are required to map the
regions between about 10 to 100 au and mass ratios q < 0.1. Below the resolution limit
of current AO systems, only radial velocity measurements provide a sufficient sensitivity
to low-mass companions with q = 0.1 compared to interferometric observation techniques
which are currently limited by their dynamic range.
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7 Results and Discussion
7.1 Identified companions
General results
In this thesis, a total of 317 stars were investigated, containing 316 B-type stars and the
central star of the planetary nebula NGC246 (HIP 3678A), which was found by chance in
the selected volume-limited sample.
In the vicinity of 148 B-type stars, about 47% of the whole analysed sample, in total 194
sources were resolved. The physical association of 86 objects, in the vicinity of 79 primary
stars, could be confirmed using the common proper motion analysis technique, and hence
these sources are considered to be co-moving companions, hereafter. The status of 75 com-
panion candidate sources, detected in the proximity of 55 primary stars, remains uncertain.
This is mainly due to inconclusive results obtained in the common proper motion analysis
which can be introduced by, for instance, only two available observational data-sets that are
insufficiently separated in time, discrepancies in separation or position angle due to different
calibration methods, used in observations by other authors, different instrumentation, or an
underestimation in the assumed maximum possible orbital motion which was estimated for
a circular orbit not taking into account the likely eccentricity of the orbit, for instance.
Because a second-epoch observation was not available for 34 of the 75 inconclusive sources
their companion status is based on the statistical assessment being a chance projection,
described in section 5.2. 25 of these sources, satisfying the probability criterion of less
than 5%, are considered to be likely physical associated companion candidates whereas 9
sources are presumable background. However, all these 75 objects are subject to further
investigation and will be observed at least one more time in the near future to be able to
derive robust conclusions on their companion status. Furthermore 33 sources, detected in
the surrounding area of 21 B-type primaries, were identified as background and are therefore
not included in the analysis.
A study of the available literature for each sample star ended up with 106 already known
objects found among the 194 detected sources, while 25 objects, resolved in the vicinity
of 23 stars, were identified as known sources for which the companion status, either co-
moving, inconclusive/undefined or background objects, respectively, could be confirmed for
the first time within this thesis. In addition to that no published data were found for 63
objects in the direct surrounding of 45 sample stars. A more detailed overview on these
new companions and companion candidates is presented in the adjacent section.
The observed and computed properties for systems with physical or visual companions are
summarized in extracts in Table 16. The full result table for all sample stars is presented
in Table A6. For those objects identified as background, the derived properties such as the
mass or the mass ratio were left blank to avoid confusion.
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In addition to these properties auxiliary infos such as the assigned WDS component desig-
nation and the evaluated companion status are given. These data as well as information
about other known, physically associated companions, such as spectroscopic, interferomet-
ric companions or objects outside the field of view of NaCo are of particular interest for a
robust estimation of the multiplicity- and companion star fraction.
The known additional companions identified via VizieR and the catalogues therein, for in-
stance through the Ninth Catalogue of Spectroscopic Binary Orbits (SB9; Pourbaix et al.
2004) or the Washington Double Star Catalogue (WDS; Mason et al. 2001), are listed in
Table A7. The table shows the observed sample star, the separation data of any known
companion and the corresponding reference, where the data have been taken from. The
separation data listed are either recorded as period, in days, for e.g., spectroscopic compan-
ions or as apparent angular distance, in arc-second, for instance, for wide visual systems,
outside the field of view of the VLT/NaCo instrument.
The companion status codes presented in Table 16 and Table A6 are as follows:
C – for co-moving (physical) companion;
B – for definite background object (optical companion);
U – for undefined analysis results, i.e. a final assessment of the companion status
was not possible based on the available and analysed data.














Table 16. Result table of visual binaries and multiple systems detected within the investigated VLT/NaCo data sample (excerpt)
HIP CC# WDS MJD Θ PAa Band ∆m aproj. log(Age[yr ]) M1 Mcomp q Chance proj. prob. Comp.
desig. (days) (arcsec) (deg) (mag) (au) (M⊙) (M⊙) (%) status
b
Visual binaries and multiples with only one observation and without additional data points from literature
17563 1 – 53380.085 4.325±0.007 277.2±0.1 Ks 5.88±0.13 707.8+35.3
−32.1 7.1
+0.3
−0.7 5.9±0.3 0.39±0.09 0.07±0.02 4.43× 10
−2 nU
18213 1 – 53266.307 0.259±0.004 239.0±0.9 Ks 4.78±0.12 27.5+0.8
−0.7 7.6
+0.1
−0.2 3.7±0.1 0.56±0.06 0.15±0.02 4.27× 10
−5 nU
25657 1 – 54097.209 1.070±0.006 74.1±0.5 H 4.4793±0.0091 184.5+24.9
−19.6 7.9
+0.1
−0.1 2.5117±0.0002 0.52±0.04 0.21±0.02 1.35× 10
−2 nU
26549 4 – 53289.404 17.44±0.05 116.2±0.2 Ks 6.7±0.1 5737.9+8704.5
−4279.5 7.02
+0.02
−0.03 13.3±0.5 1.2±1.0 0.09±0.09 2.66× 10
0 nU
26549 5 – 53289.404 3.35±0.01 17.0±0.2 Ks 7.32±0.14 1102.1+1671.9
−822.0 7.02
+0.02
−0.03 13.3±0.5 0.9±0.9 0.07±0.07 1.52× 10
−1 nU
26549 6 – 53289.404 17.20±0.04 116.4±0.2 Ks 7.59±0.16 5657.0+8581.8
−4219.1 7.02
+0.02
−0.03 13.3±0.5 0.7±0.7 0.06±0.06 4.70× 10
0 nU
27810 1 – 53454.001 1.037±0.007 198.2±0.4 Ks 5.1701±0.0031 106.4+2.5
−2.4 7.5
+0.1
−0.2 3.9807±0.0004 0.48±0.05 0.12±0.01 1.70× 10
−3 U
32823 1 – 54458.281 1.194±0.007 250.9±0.5 H 5.277±0.021 918.5+28932.7
−452.1 7.4
+0.2
−0.3 3.981±0.001 0.4±2.0 0.1±0.4 1.73× 10
−1 nU
34041 1 – 54497.142 0.149±0.006 134.3±0.7 H 2.095±0.064 75.4+20.1
−13.4 7.40
+0.06
−0.07 6.77±0.09 3.0±0.6 0.45±0.08 6.09× 10
−5 nU
: : : : : : : : : : : : : : :
Visual binaries and multiples with more than one observation, including data points from literature
2548 1 – 53710.049 0.2710±0.0009 278.0±0.2 Ks 1.1620±0.0044 21.9+1.0
−0.9 9.06
+0.03
−0.04 2.00±0.01 1.27±0.03 0.64±0.01 3.12× 10
−6 C
54359.246 0.241±0.001 275.6±0.2 Ks 1.1400±0.0054 19.5+0.9
−0.8 2.00±0.01 1.28±0.03 0.64±0.01 2.46× 10
−6 C
15627 1 * 54024.221 0.874±0.005 218.4±0.5 H 2.166±0.049 136.3+17.5
−14.0 7.64
+0.08
−0.09 4.4±0.1 2.1±0.2 0.46±0.06 1.11× 10
−4 U
16511 1 – 53376.049 0.128±0.003 110.1±1.0 Ks 2.547±0.025 13.7+0.6
−0.6 8.1
+0.1
−0.2 2.65±0.07 1.06±0.02 0.40±0.01 3.77× 10
−6 C
53700.139 0.143±0.002 112.6±0.3 Ks 2.710±0.025 15.3+0.7
−0.6 2.65±0.07 1.02±0.02 0.38±0.01 4.96× 10
−6 C
55798.407 0.189±0.004 107.8±0.7 Ks 2.353±0.029 20.3+1.0
−0.9 2.65±0.07 1.11±0.03 0.42±0.01 7.79× 10
−6 C
16803 1 – 53379.102 0.195±0.001 84.0±0.2 Ks 0.884±0.012 29.0+2.4
−2.1 8.47
+0.03
−0.03 3.13±0.04 2.4±0.1 0.78±0.03 9.22× 10
−7 C
54363.350 0.229±0.005 80.9±1.0 Ks 0.812±0.026 34.2+2.9
−2.6 3.13±0.04 2.5±0.1 0.79±0.03 1.27× 10
−6 C
54373.246 0.198±0.001 78.4±0.3 Ks 0.798±0.013 29.6+2.4
−2.1 3.13±0.04 2.5±0.1 0.79±0.03 9.50× 10
−7 C
20020 1 – 53347.154 4.102±0.005 2.56±0.06 Ks 1.331±0.028 579.4+28.3
−25.8 8.26
+0.03
−0.04 2.79±0.06 1.66±0.08 0.59±0.03 2.65× 10
−3 C
54363.374 4.115±0.007 1.94±0.08 Ks 1.355±0.034 581.2+28.4
−25.9 2.79±0.06 1.64±0.08 0.59±0.03 2.67× 10
−3 C
54373.288 4.113±0.004 1.94±0.03 Ks 1.3306±0.0095 581.0+28.4
−25.9 2.79±0.06 1.66±0.07 0.59±0.03 2.67× 10
−3 C
20042 1 AB 53690.201 5.389±0.005 162.16±0.06 Ks 6.208±0.067 294.0+2.4
−2.4 7.4
+0.2
−0.3 3.9807±0.0005 0.25±0.05 0.06±0.01 2.01× 10
−2 C
56189.188 5.431±0.009 162.51±0.05 Ks 7.0±0.1 296.3+2.5
−2.5 3.9807±0.0005 0.17±0.03 0.042±0.007 4.11× 10
−2 C
20554 1 * 53266.307 6.319±0.005 42.0±0.1 Ks 2.472±0.025 1388.8+175.3
−140.0 7.8
+0.1
−0.1 3.979±0.001 1.00±0.07 0.25±0.02 3.44× 10
−2 C
20804 1 – 53409.032 0.112±0.003 385.1±0.9 Ks 1.284±0.021 20.1+3.1
−2.4 8.18
+0.05
−0.05 3.8±0.2 2.8±0.2 0.72±0.07 1.67× 10
−6 U
56189.333 0.127±0.005 351.0±0.4 Ks 1.349±0.021 22.9+3.6
−2.8 3.8±0.2 2.7±0.2 0.71±0.07 2.25× 10
−6 U
56296.083 0.142±0.003 348.6±0.5 Ks 1.359±0.015 25.5+3.9
−3.0 3.8±0.2 2.7±0.2 0.71±0.07 2.81× 10
−6 U
23794 1 AB 53286.342 1.600±0.005 308.3±0.2 Ks 3.8271±0.0011 151.5+5.1
−4.7 8.73
+0.02
−0.02 2.497±0.009 0.82±0.02 0.327±0.007 1.54× 10
−3 C
56296.100 1.588±0.002 309.50±0.06 Ks 3.7869±0.0012 150.4+5.0
−4.7 2.497±0.009 0.83±0.02 0.332±0.007 1.48× 10
−3 C
: : : : : : : : : : : : : : :
Notes. Component designation as assigned in the WDS catalogue. –: No WDS entry; *: Companion is listed in WDS certainly without component
designation. The full list of all detected sources is presented in Table A6.
aPosition angle (PA) is measured from N over E to S.
bCompanion status: (B)ackground; (C)o-moving; (U)ndefined; (n)ew detection
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New detections and notes on individual targets
Following are a more detailed explanation of the examined companion status and the pub-
licity of the detected sources as well as the notes on individual systems which have been
newly identified in course of this study. The breakdown of all 194 detected and investigated
sources into co-moving, refuted or candidate companions, and their grading into already
known, or new objects, respectively, is shown in Table 17.








known 58 37 17 112
known, new confirmeda 19 19
new unpublished 9 38 16 63
Total 86 75 33 194
Notes. a The source was published as candidate before. Its companionship
was first confirmed in this thesis.
In this study 33 detected sources have been classified as background according to the results
of the common proper motion analysis. While for 13 of them published data were found in
the literature, no data were found for 16 sources. One reason for this might be that these
sources have already been identified as background object in the original analysis by the
observer and therefore not have been published. Four sources in the vicinity of 3 primary
stars, namely HIP 58326, HIP 60189 and HIP 85727, respectively, were found to have one
additional observation in the literature. However, the common proper motion analysis of
these sources clearly indicates that they are not physically connected to the observed B-type
star.
Another minor point to be mentioned here is in regards to the data published in the WDS
catalogue (Mason et al. 2001). Ten objects, identified as background sources, were found
in the sample with an assigned WDS designation. However, no explicit note was found that
they are non-physical. This may lead to a confusing interpretation of the multiplicity of
some sample stars and needs to be checked with reasonable care.
The companion status of 75 detected objects in the direct surrounding of 55 B-type pri-
maries still remain uncertain and hence, all these stars will be targets for future observations.
The uncertainty of the companionship is partly based on the insufficient amount of available
observations for a common proper motion analysis but also due to uncertainties introduced
by the employed literature data or the results of the obtained measurements and the con-
secutive calculations and estimations, respectively, such as the possible maximum orbital
motion evaluated for a circular orbit seen either pole-on or edge-on. Even though this is a
reasonable assumption, eccentric and inclined orbits are much more likely and it is possi-
ble that the used true semi-major axis is underestimated. Other possibilities would be for
instance systematic offsets between observations taken with diverse telescopes, in different
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filters under varying ambient conditions or the assigned calibration which can cause shifts
in the measured separation and/or position angle.
While 37 out of the 75 candidate companions are known and have been published before,
a total of 38 sources was identified in the data without any publication. The reasons for
that are not known, and thus a statement would be speculative. However, all of the 75
companion candidates require additional observations, either to confirm or reject their com-
panionship, respectively.
A secondary goal of this thesis, the search for new, previously unknown co-moving com-
panions in the analysed archive data, was achieved by the detection of 9 completely new
physically companion and the first-time confirmation of 19 objects which are already known,
but with only one reported data point in the literature from a total of 86 physical compan-
ions found.
The VLT/NaCo images of the 9+1 new co-moving companions identified within this study
are presented in Figure 22. The name of the primary star, observing epoch, used filter and
utilised camera objective as well as a scale and a compass for orientation are illustrated
within each image. The off-centred primary component of the HIP 3678 system is marked
with A.
Figure 22. VLT/NaCo images of new binary and multiple systems, detected and presented for
the first time in this thesis, including the new companion found in the vicinity of the
CSPN HIP 3678A (first upper-left image). For each of the shown companions the
assumption of a physical association to its host-star is supported by the common
proper motion analysis.
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In the following a brief overview on the studied systems with new, previous unpublished
and confirmed co-moving companions is given. The first two systems presented below have
already been published during the preparation of this thesis and for more details reference
is therefore made at this point to Adam and Mugrauer (2014) and Adam et al. (2013).
HIP 3678 = NGC246: Triple, in planetary nebula. The object was found by chance
in a early stage sample version due to an unclear spectral classification. However, the data
analysis of this object revealed a new common proper motion companion to the known
double star system HIP 3678AB which makes this system the first confirmed hierarchical
triple in the centre of a planetary nebula.
A pattern of reduced images of HIP 3678 composed from the analysed HST and NaCo
data and a composite image from the Digitized all Sky Survey (DSS) is shown in Fig-
ure 23. NGC246, also known as ”Skull Nebula”, is located in the Cetus constellation at
Figure 23. This pattern shows the fully reduced images of HIP 3678, taken with WFPC2 (left)
in the visual in 1994, the JHK s band colour-composite image taken with NaCo in
2004 (middle), as well as the colour-composite DSS-image (blue channel: POSSI.O-
DSS2.706 (0.41 µm) taken in 1954; green channel: SERC ER DSS2.S681 (0.64 µm)
taken in 1989; red channel: SERC I DSS2.S681 0.807 µm taken in 1994) of the
planetary nebula NGC264 with the stellar system HIP 3678 in its centre. The slightly
elliptical shape of the planetary nebula is clearly visible in the colour-composite DSS
image with its semi-major axis aligned in the east to west direction, induced by the
motion of the system through space. The western leading edge of the nebular shell
is brighter due to its interaction with the interstellar medium. In the WFPC2 and
NACO images the individual components of the HIP 3678 system in the centre of
NGC246 are marked with letters. Caption taken from Adam and Mugrauer (2014).
an approximate distance of 500 pc (Adam and Mugrauer 2014) from the Sun. The white
dwarf central star of the planetary nebula, HIP 3678A, is a very hot OVI sequence planetary
nuclei (Smith and Aller 1969), or PG 1159-35(lg E) (Werner and Herwig 2006) star with
an effective temperature of about 150 000K, a mass of 0.84M⊙, and a surface gravity of
log(g) ∼ 5.7 (cgs) (Koesterke et al. 1998). The mass of its progenitor star was probably
about 4.3M⊙ and was estimated using the initial to final mass relationship of white dwarf
from Catala´n et al. (2008). This yields a main-sequence lifetime of the progenitor star of
about 260Myr, assuming a mass-luminosity relation of L ∝ M3.5, and was also adopted as
system age due to the short dynamical age of the planetary nebula of only 6600 yr, derived
by Ali et al. (2012).
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The newly found companion is located about 1 arcsec, north-east of HIP 3678A (PA ≈
52 deg), at a projected separation of about 500 au, and shares a common proper motion
with the white dwarf and its known co-moving companion HIP 3678B which is located
about 3.9 arcsec south-east of HIP 3678A (PA ≈ 130 deg), at a projected separation of
about 1950 au.
Within the given total epoch difference between the first and the latest observing epoch,
1972 and 2007, respectively, of about 35 yr, the background hypothesis that the astrometry
of HIP 3678B significantly deviates from the expected one for a non-moving background
object, is rejected at a significance level of more than 8 σ. In contrast to HIP 3678 B, the
newly found faint companion candidate is imaged only in three observing epochs, between
1994 and 2007, with a total epoch difference of about 13 yr. According to the common
proper motion analysis, the background hypothesis for this candidate is rejected at a sig-
nificance level of more than 8 σ.
The masses of both companion stars were computed employing the results of photometry,
especially in J and K band, the derived corresponding absolute magnitude, assuming a sys-
tem age of 260Myr and the Bessell et al. (1998) evolutionary models. Both companion are
low mass stars which exhibit masses of about 0.85M⊙ and 0.1M⊙, and hence, it is expected
from the absolute magnitude-spectral-type relation (Reid et al. 2004) that HIP 3678B is an
early to mid-K dwarf, while HIP 3678C is a M5 to M6 dwarf. For further details, however,
reference is made at this point to Adam and Mugrauer (2014).
HIP 45314 = HD79694: Binary. This second already published star from this thesis
(Adam et al. 2013) is located in the Vela constellation, at a distance of about 161 pc.
HIP 45314A is also a probable member of the Platais 9 cluster (HIP 45189; Platais et al.
1998), based the analysis of the U, V, W heliocentric space motion of the star compared
to the surrounding cluster.
The spectral type of the primary is B7–8V, as computed from unpublished IUE UV spectra.
The calculated age for this star ranges from ≈ 60Myr and ≈ 220Myr, depending on the
adopted spectral type, and its mass is expected to be between 3 and 4M⊙.
The found, new companion is situated ≈ 2.7 arcsec north-west of HR 3672A (PA ≈
336 deg), which corresponds to a projected distance of about 441 au. The companion-
ship was confirmed by common proper motion analysis of the two published observations,
taken in 2004 and 2008 with 4 years of epoch difference. In the meantime a third own
observation was obtained in 2012 and with a total of 8 years of epoch difference the back-
ground hypothesis is now rejected by more than 30 σ in both separation and position angle.
Given the measured and computed magnitudes, the assumed system age range and evo-
lutionary models, HR 3672B is a low-mass star of spectral type M with a mass of 0.15–
0.5M⊙. However, the large uncertainties in the computed companion mass require addi-
tional observations, for instance by taking spectra of the system components, to minimize
the uncertainties of the physical parameter.
HIP 31959 = HD48165: Binary, candidate Triple. The primary star is an early-type
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main sequence star with spectral type B3V Houk (1982) and is located in the Canis Majoris
constellation, at a distance of about 614 pc from the Earth.
The system is also probable member of the Collinder 121 OB association (de Zeeuw et al.
1999) and according to Braganc¸a et al. (2012) HIP 31959A is a spectroscopic binary. How-
ever, no measurements of this object were published and hence the star is considered here
as candidate spectroscopic binary.
Given its spectral type, available photometric information from different bands and employ-
ing evolutionary models, the mass of the host star was estimated with about 6M⊙, and the
age with ≈ 20Myr, respectively.
The found companion is located ≈ 1.7 arcsec north-west of the primary (PA ≈ 327 deg)
and was first observed with NaCo in 2008. During this thesis a second, own observation was
taken in 2012 to be able to investigate whether the candidate companions shares common
proper motion with the host star, or not. Despite the time difference of four years between
the two observations, the background hypothesis can only be rejected by about 4 σ due to
the low proper motion of the host star. Hence, further observations, in particular spectra,
are required to consolidate the results and confirm this system as a triple.
From the assumed system age, the calculated absolute magnitudes and evolutionary models
the estimated mass of the new companion HIP 31959B is 0.7± 0.3M⊙ which corresponds
to a low-mass, early or mid-K stellar object.
HIP 37915 = HR3022: Triple. This B5V star Houk (1982), also named V392 Pup, is
located in the Puppis constellation at a distance of approximate 181 pc and a member of
the NGC2451 cluster.
In this thesis a mass of 4M⊙ and an age of about 31Myr was estimated for HR 3022A.
But, according to the General Catalogue of Variable Stars (GCVS) by Samus et al. (2009),
this star is a eclipsing binary which causes a periodic variation in the brightness of about
0.1mag and hence, the estimated age and the computed masses have to be taken with
reservation.
The newly detected candidate companion was first observed with NaCo in 2005 and a
second time in 2007. However no published data were found in the literature on the new
source, located 0.18 arcsec north-east of HR 3022A (PA ≈ 5 deg). The background hy-
pothesis for this object can be rejected at a very high significance level of more than 50 σ
from the available data with only two years between the observations.
The obtained mass for the co-moving companion, estimated from the derived absolute mag-
nitude, the assumed system age of 31Myr and employing evolutionary models, is 1.6M⊙.
However, whereas the physical association is strongly supported by common proper motion,
future observations, are needed in particular to make more precise constrains on the com-
panion mass, for instance by taking high-resolution spectra of HR 3022A and B or obtain
multi-wavelength photometry for both objects.
HIP 40817 = HD71046: Quadruple, possible Quintuple. The primary is a B9 III/IV
star (Houk and Cowley 1975), located in the Volans constellation, at a distance of ≈
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133 pc. According to the Bright Star Catalogue (Hoﬄeit 1964), HIP 40817 is a double-
lined spectroscopic binary (SB2). The star, however, was again investigated by Chini et al.
(2012) but the authors did not report any signature of a spectroscopic companion around
kap01 Vol and hence, its SB2-status remains unclear.
The mass estimated for the primary is about 3M⊙ and the calculated age of ∼ 267Myr for
star is comparable to the age of ∼ 276Myr reported by Gontcharov (2012).
HIP 40817A forms a common proper motion pair with HR 3302, also named kap02 Vol,
and is located ≈ 64 arcsec north-east of the host star (PA ≈ 60 deg). HIP 40817B alias
HIP 40834 was also analysed in this thesis, but within the achieved sensitivity Klim ≈ 15mag
no additional companion were detected within the FoV of ≈ 12 arcsec. A second companion
is situated ≈ 100 arcsec north-east of the primary (PA ≈ 50 deg).
The new companion to the triple was detected ≈ 1.4 arcsec north-east of the primary
(PA ≈ 9 deg), and was first observed with NaCo in 2005. A second and third observation
were obtained in 2008 and with three years epoch difference the background hypothesis
for this object is rejected by more than 30 σ for both, separation and position angle. The
companion is therefore considered as co-moving.
The mass of the new companion HIP 40817D, employed from photometry, the system age
of 267Myr and evolutionary models, is ≈ 1.3M⊙.
HIP 46928 = HD83979: Binary. The B5V primary (Cucchiaro et al. 1976) is a
variable star of β Cephei type14 with a reported period of about 1.08d and a variation
amplitude of about 0.1mag in the visible (Watson 2006). The object is situated about
176 pc away from Earth in the Chameleon constellation.
Given this spectral type and utilising evolutionary models the mass and age HIP 46928 were
derived as 5M⊙ and 55Myr, respectively.
There was no companion found in the literature for the primary, but a detection of X-
ray emission is reported from the ROSAT All-Sky Survey (Berghoefer et al. 1996) with
log(Lx/Lbol) = −6.28. The offset between X-Ray source and optical counterpart is given
with 25.7 arcsec. The measured X-ray emission is unusual given the fact that B-type stars
have no convection zone. A probable candidate as source of the X-rays is the new found
co-moving companion, but further investigations are required.
HD83979 was first observed with NaCo in 2006 and a second time in 2008. The identified
close companion is located ≈ 0.6 arcsec south-east of the host star (PA ≈ 189 deg), and
from analysis of the data, obtained with two year time difference, it is rejected with about
17 σ that the found companion is a non-moving background source. The measured shifts
in separation and position angle might be due to the orbital motion of HIP 46928B, but
more observations are required to verify this assumption.
The companion mass of about 1M⊙ was calculated using derived absolute magnitudes,
14β Cephei type (BCEP, β Cep, β CMa) stars are variable, non-super-giant pulsating O8–B6 stars
with light and radial-velocity variations caused by low-order pressure and gravity mode pulsations.
Their periods are in the range of 0.1 to 0.6 days and light amplitudes vary from 0.01 to 0.03mag
in V .
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assuming a system age of 55Myr and employing evolutionary models. Given the assumed
age and derived mass it is therefore well possible that the source of X-ray emission is the
found companion.
HIP 51362 = HD90882: Binary. This star of spectral type B9.5 V (Cowley et al.
1969) is located in the Sextans constellation, at a proximate distance of only 99 pc.
The mass estimates by Gullikson et al. (2016) and Allende Prieto and Lambert (1999) of
2.6M⊙ and 2.7M⊙, respectively, are conform with the calculated primary mass of 2.5M⊙,
while the age of 181Myr derived by Gullikson et al. (2016) differs significantly from the
age of 560Myr calculated in this thesis.
The new faint companion is located about ≈ 5.2 arcsec north-east of the primary (PA ≈
70 deg). Two observations were analysed in this study, taken with NaCo in 2004 and 2006.
From these data with two year epoch difference the background hypothesis is rejected by
about 6 σ in total.
Adopting both given ages of 181Myr (Gullikson et al. 2016) and 560Myr (this work),
respectively, and using the computed absolute magnitude and evolutionary models, the
mass of the companion is derived as 0.13 to 0.15M⊙. This makes HIP 51362B the lowest
mass, co-moving companion, identified in this study.
HIP 52742 = HD93563: Binary. HIP 52742 is a Be star of spectral type is B8 III(e)
shell Slettebak (1982) and located in the Vela constellation, at distance of 161 pc. Rizzuto
et al. (2011) calculated a 61 per cent probability that HR 4221 is a member of the Sco
OB2 moving group.
The star was also reported by Koen and Eyer (2002) as new candidate periodic variable,
extracted from the epoch photometry of the Hipparcos catalogue, with a period of 20.93 h
and an amplitude of only 0.003mag in the visible.
Employing the given spectral type, available photometry and evolutionary models, HR 4221
exhibits a mass of 4M⊙ and an age of 149Myr, respectively. This derived age, however, is
lower compared to ≈ 250Myr, as computed by Gontcharov (2012).
The new companion is located about 1.1 arcsec north of HIP 52742A (PA ≈ 8 deg) and
was first observed in 2006. In combination with a second observation, taken in 2008, the
background hypothesis can be rejected by more than 20 σ.
The mass of the co-moving companion HIP 52742B is ≈ 0.5M⊙, corresponding to a young,
low-mass M-type stellar object.
HIP 60449 = HD107832: Binary. The primary star is a B9 III giant star (Garrison
and Gray 1994) and located in the Centaurus constellation, at a distance of about 136 pc.
Utilising the given spectral type, available photometry and evolutionary models, a mass of
about 3M⊙ and an age of ≈ 290Myr, respectively, was derived for HIP 60449. The found
age of ≈ 290Myr is consistent with the age of 266Myr, reported by Gontcharov (2012).
No additional companions were found in the literature orbiting this star.
The new companion is located about 0.7 arcsec north-west of HIP 60449A (PA ≈ 320 deg),
and the background hypothesis for this object is rejected by more than 13 σ in both,
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separation and position angle, respectively, based on the available NaCo observations taken
with a time difference of three years in 2005 and 2008.
The derived mass of the new companion from photometry and evolutionary models is
≈ 0.5M⊙.
HIP 635005 = HD112091: Triple. This Be star of spectral type B5Vne (Levenhagen
and Leister 2006) forms a common proper motion pair with HIP 63003, which is located
about 36 arcsec south-west of HIP 63005 (PA ≈ 204 deg). The object is situated in the
Lower Centaurus Crux (LCC) constellation at a distance of 136 pc and a probable member
of the correspondent OB association de Zeeuw et al. (1999). Remarkable about this star is
that it is a GCAS type variable according to Ruban et al. (2006) with a magnitude range
of about 0.2mag15.
The age of HIP 63005, given in the literature, varies between 16 to 43Myr. This is in well
agreement with the age of about 30± 12Myr derived in this thesis. The computed mass
of HIP 63005, adopting the spectral type B5Vne is ≈ 4M⊙.
Shatsky and Tokovinin (2002) reported two apparently optical candidate companions, found
in observations taken with the VLT/ADONIS instrument in 2000, one about 5 arcsec north-
west (PA ≈ 333 deg), and one ≈ 4.7 arcsec south-west (PA ≈ 241 deg), respectively. These
very faint objects, both with K s > 16mag, were neither detected in the re-analysed NaCo
data from 2005 nor in the own second-epoch observation of HIP 63005 taken in 2011 in
JHK s as they are below the sensitivity limit of the taken data with K s . 14mag. However,
another close companion was identified in the 2005 observation, located about 0.2 arcsec
south-east (PA ≈ 134 deg) at a projected distance of only 27 au. The very close candidate
companion was also identified in the 2011 observation, and with a time difference of about
six years the background hypothesis can be rejected at a significance level of 6 σ.
Given the system age of 30Myr, the derived absolute magnitude and evolutionary models,
the mass of the companion is ≈ 0.84M⊙.
Assuming a total system mass of ≈ 5M⊙ and semi-major axis of ≈ 30 au the period is
round about 74 yr, and hence with 6 yr of observation almost 10% of the orbit are covered.
Continuous observations in the near future therefore would allow to make better constrains
on the true orbit and consequently on the mass of both components, and proof the existence
of a X-ray source as reported by Malkov et al. (2015).
7.2 Separation and Mass ratio distribution
Following are the results of the statistical analysis of the derived, most immediate accessible
quantities the projected separation aproj. and the mass ratio q. In order to put the results
of this study in context, a comparison with previous observations from other multiplicity
15γ Cassiopeia type stars (GCAS) are eruptive irregular variables. These are rapidly rotating O9-A0
III-Ve stars with mass outflow from their equatorial zones. The formation of equatorial rings or
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sessed periods and their corresponding best-fit estimate are illustrated in the right-hand
panel. The peak of the separation distribution fit for the sub-sample of physical compan-
ions, is located at log aproj. = 2.33± 0.07, corresponding to aproj. = 214+38−24 au, and a width
of σlog aproj. = 0.60±0.05. A similar result, with the peak situated at log aproj. = 2.36±0.06
and a width of σlog aproj. = 0.64± 0.04, was obtained including the visual companions in the
analysed sample. The peak of the period distribution estimated from both sub samples is
roughly located at log P ≈ 5.6, which corresponds to an orbital period of about 1100 yr,
and has a width of σlog aproj. ≈ 1.0. Also indicated, for comparison, is the fit result to the
period distribution, with a peak at log P = 5.03, about 300 yr, and a standard deviation
of σlog P = 2.28, estimated by Raghavan et al. (2010) from their survey of multiplicity to
solar-type primaries.
As can be seen, the location of the separation distribution is shifted towards wider separa-
tions in multiple systems with B-type primaries compared to the distribution of companions
around solar-type stars. This tendency is consistent with the general observed trend of
an increase in the location of the separation distribution peak as function of the primary
mass from previous multiplicity surveys of A-type (De Rosa et al. 2014), M-type (Fischer
and Marcy 1992) or brown dwarf (Burgasser et al. 2006) primaries, respectively, and il-
lustrated in Figure 26. The measured width of the companion separation distribution is
also significantly narrower compared to the one observed by Raghavan et al. (2010), and
extrapolating the obtained distribution to the full range of companion separations covered
by the survey of solar-type stars, suggests a complete lack of close-in (log aproj. < 0) and
very wide companions (log aproj. > 3.5). This is of course fully inconsistent with the present
known companion population to B-type stars. For the purpose of demonstration the known
companions to the investigated sample stars from literature, which are listed in Table A7,
were included in the distribution samples, according to their availability (red, dash-dotted
histograms in Figure 25).
As can be also seen the presumable shape of the separation/period distribution suggests a
more complex functional form then the uni-modal reported for the companion separation
distribution to solar-type and lower mass stars and observed in the analysed data, respec-
tively. The data suggest a combination of at least two different distributions, similar to
the bimodal form observed for A-type stars. While the population of visual companions
might be adequately described by log-normal representation, the results for companions
with periods of less than 3000 days are indicative for a declining number of companions
with increasing orbital period as it is also observed for high-mass binaries (e.g., Sana et al.
2013). However, since spectroscopic observations were not part of the sample, and because
the limits on the available spectroscopic data were not quantified, reference has to be made
at this point to Ducheˆne and Kraus (2013) for a further discussion on this topic.
As also shown in Figure 26, the measured peak location and the general observed trend are
consistent with a predicted increased location of the distribution peak as function of the
primary mass from hydrodynamical simulation of star cluster formation (Bate 2009; 2012),
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size also candidate companions with q ≥ 0.1 were included in the analysis for comparison,
assuming they are indeed companions and that the bias introduced by falsely enclosed back-
ground objects in the data is negligible. In addition, all objects with known spectroscopic or
unresolved companions, respectively, were excluded accounting that the flux of these close
companions contribute to the measured primary brightness, and consequently, significantly
affects the mass ratio results.
The derived masses of the analysed primaries generally range between 1.8 and 13M⊙,
whereas the masses of the found confirmed companions vary between 0.1 and 9M⊙, cov-
ering a mass ratio range which extends from 0.05 to 0.91 . Not included in this mass ratio
range are the two systems, which are consistent with q ≈ 1 within their error-bars.
The average error in the mass due to uncertainties in the distance, colour, magnitude and
applied spectral type for the primaries is about 0.1M⊙, whereas the average error in the
mass of the companions is 0.3M⊙, as a result of the uncertainties in the estimated system
age and the absolute companion magnitude. The average error on the mass ratios is about
0.1 mainly due to the uncertainties in the obtained companion masses.
Similar to previous surveys a power-law, f (q) ∝ qΓ, was utilised to characterize the dis-
tribution of mass ratios. The function again was fitted to the cumulative distribution of
each sub-sample to avoid biases introduced by a binning scheme. Furthermore, previous
multiplicity surveys also have repeatedly shown that the mass ratio distribution not only
depends on the primary mass but also that the mass ratio distribution is a function of the
binary separation with high-q systems preferable found at shorter periods compared to low-q
systems found at wider separations. Thus, only a more detailed study of this dependency
can give implications for the various formation scenarios of binary companion frequently
discussed.
To test whether the obtained data contain statistically distinct populations depending on
the separation a two-sided Kolmogorov–Smirnov (KS) test was performed, employing the
sample of confirmed companions down to q = 0.05. The procedure utilised equates to
the method presented by De Rosa et al. (2014) for A-type stars, to be able to compare
the results fairly with different stellar populations. Following their description, the sample
was divided into an inner and an outer mass ratio distribution, with the dividing separation
marched from 16 to 2000 au in steps of log aproj. = 0.05. Then, at each dividing separation
the statistical similarity of the two sample was calculated employing the two-sided KS test
statistics.
The resulting overall mass ratio distributions are plotted in the left-hand panel of Figure 27
along with the best estimate power-law index obtained from the cumulative q-distribution fit
to the confirmed companions, with Γ = −0.39±0.14 (blue, solid), and including candidate
companions with mass ratios down to q = 0.1, with Γ = −0.53±0.12 (black, dashed). The
results are comparable within the given uncertainties and indicate a rather flat distribution
of mass ratios mildly increasing towards low-q systems. This is in agreement with previ-
ous observations of B-type stars, with power-law indices in the range between 0.3 and 0.5
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Figure 27. Left: The overall q-distributions estimated in the range between 16 to 2000 au and
the results of the corresponding power-law fit to the cumulative distribution, for
the confirmed companions (blue, solid) and including candidate companions (black,
dashed), assuming they are physical, and with q ≥ 0.1 to minimise the num-
ber of falsely included background objects. Right: The two statistical distinct
q-distributions of companions with separations of 16–60 au (blue histogram) and
60–2000 au (black histogram). The inner distribution, with a power-law index of
Γ = 0.26+0.66−0.55 (blue, solid), appears flat, while the outer distribution, found with
Γ = −0.55+0.15−0.14 (black, dashed), is indicative for a greater abundance of low-mass
companions at larger separations.
estimated for instance by Shatsky and Tokovinin (2002) or Rizzuto et al. (2013) in their
survey of the Scorpius OB2 association. In a survey of the same region in the sky obtained
by Kouwenhoven et al. (2007), which included visual as well as spectroscopic companions,
a similar result with Γ = −0.4 was found. Please note, however, that this is not entirely
surprising since the investigated sample contains also re-analysed NaCo observations from
their survey which were found in the archive data.
The two statistical distinct sub-sample found in the investigated sample, an inner distribu-
tion ranging from 16 to 60 au and an outer distribution between 60 and 2000 au, are shown
in Figure 27, in the right-hand panel as blue and black histogram, respectively. The null
hypothesis that these two samples are drawn from the same distribution can be rejected at
a 99% level, with a minimum p-value of 0.53% found at log aproj. = 1.78 (∼ 60 au). Also
shown are the results of the power-law fit to the cumulative distributions, with a power-law
index of Γ = 0.26+0.66−0.55 for the inner distribution (blue, solid), and Γ = −0.55+0.15−0.14 for the
outer distribution (black, dashed). The presented data are indicative for a greater abun-
dance of low-q systems outside of about 60 au, whereas the data at smaller separations
suggest a shallow increase of systems with higher mass ratios. This result, however, is
only preliminary due to the very low number of close confirmed companions resolved by
NaCo within the given sensitivity limits. It is therefore expected that the results will change
extending the analysis to spectroscopic and close companions within 20 au and wide com-
panions with separations greater than 2000 au.
To put the obtained results in context, a comparison with the estimated power-law indices
from other stellar population was performed. The results are illustrated in Figure 28. Pre-
sented in the left-hand panel of Figure 28 are the estimated power-law indices as function
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although a fragmentation scenario is generally favoured in the investigated separation range
between 20 and 2000 au, and beyond. In general, for instance, the initial fragmentation of
a pre-stellar molecular cloud (e.g., Bonnell et al. 1991, Boss and Bodenheimer 1979) can
produce multiple systems in the observed range of separations and mass ratios, but this
model would also suggest that the mass ratio distribution of companions (see Figure 28)
as well as the multiplicity fraction (see subsequent section 7.3) are almost independent of
the primary mass, which is not seen in the data and in comparison with solar-type and
A-type stars. On the other hand, however, it has to be taken into account that most stars
are formed in clustered environments which may introduce a dependence on primary mass,
with more massive primaries having q-distributions skewed towards less massive companions
(e.g., Bonnell and Bastien 1992).
A second possible formation scenario, which can explain the observed distribution of mass
ratios with low-mass companions preferentially found at wider separations, is the fragmen-
tation of a large circumstellar disc (e.g., Bonnell 1994, Stamatellos et al. 2011), subsequent
to the initial fragmentation of a cloud. In this scenario the conservation of angular momen-
tum causes the in-fall of material from the surrounding cloud to form a protostellar disc
Bonnell (1994), which than themselves can become gravitational unstable under the right
conditions to produce a significant number of disc-born low-mass stars or even sub-stellar
objects (Stamatellos et al. 2011). Although this scenario is presumable the more dominant
formation process for higher-mass stars like O, B or early A-type stars (Kratter 2011), due
to the larger reservoir of material in the more massive discs, and as it might explain the
preferential equalisation of the mass ratios of those binaries formed at close separations
(e.g., Bate and Bonnell 1997), the formation via disc fragmentation is not possible for the
widest companions.
However, given the current uncertainties in the sample and the remaining lack of informa-
tion about close ( / 20 au) and wide companions (' 2000 au), which are not quantified
in this thesis, it is very likely that the actual formation process of multiple systems among
higher-mass stars is a combination of both theses scenarios.
7.3 Companion stars and multiplicity fractions
The fraction of stars within multiple systems are commonly expressed by three quantities,
namely the multiplicity fraction (MF; e.g., Reipurth and Zinnecker 1993), the fraction of
non-single stars, hereafter labelled as NSF, and the companion star fraction (CSF; e.g.,
Ghez et al. 1997, Goodwin et al. 2004), which are defined as
MF = (B + T + Q + · · · )/(S + B + T + Q + · · · ); (7.1)
NSF = (2B + 3T + 4Q + · · · )/(S + 2B + 3T + 4Q + · · · ); (7.2)
CSF = (B + 2T + 3Q + · · · )/(S + B + T + Q + · · · ), (7.3)
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where S , B , T and Q are the number of single, binary, triple and quadruple, respectively.
Whereas MF describes the fraction of multiple systems found within a sample of stars, NSF
refers to the number of non-single stars in the sample, since 1 − NSF is the number of
stars that are single. The CSF gives the average number of companion stars per primary
star, which by number can exceed 100%. The companion, multiplicity and non-single star
fractions were estimated from the absolute numbers of identified physical and candidate
companions found in the sample and their combination with known visual and spectroscopic
companions from literature, utilising Equation 7.1, Equation 7.2 and Equation 7.3, respec-
tively, and employing binomial statistics to calculate the frequencies and the statistical
uncertainties. For more details on the calculation of these and the subsequent frequencies,
respectively, reference is made at this point to Burgasser et al. (2003), for instance. The
employed numbers and the calculated results are listed in Table 18.
Table 18. Result companion star and multiplicity fraction from this thesis
Companion N S B T Q > 4 CSF MF NSF
Type (per cent) (per cent) (per cent)










As can be seen from the frequencies listed in the table, on average every second investi-
gated stars (CSF ≈ 51± 3%) statistically exhibits a companion, and almost two third are
non-single stars (NSF ≈ 61± 2%). If also known companions to the primaries from liter-
ature are included, the frequencies change significant resulting in a non-single star fraction
of almost three quarter (NSF ≈ 81± 2%) among the investigated stars and on average
one companion to each primary (CSF ≈ 100± 1%). These discrepancies in the different
samples are indicative for the lack of completeness in the current sample. The derived MF,
NSF and CSF as well as the corresponding statistical uncertainties, additionally, can only
be considered as lower limits, as the numbers will change with (1) the discovery of newly
resolved companions, (2) by including and combining different observation techniques such
as interferometric or spectroscopic observations, and/or (3) the confirmation/rejection of
candidate companions as result of a common proper motion analysis in a future extension
of this work.
For the calculation presented above no restrictions on the separation or the mass ratio range
of the companions identified in this thesis where made. This, however, complicates a proper
comparison between different populations of stars because the results of each survey are
based on various selection and observation criteria which result in, for instance, different
separation ranges covered by each survey, or varying lower limits on the companion mass
and hence, the mass ratio ranges that can be explored.
In attempt to compensate for these differences in the sensitivity and to seek a fair com-
parison with other surveys, the approach and the data reported by De Rosa et al. (2014)
from their VAST survey were used and complemented with estimates of the CSF made in
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Table 19. Comparison of companion star and multiplicity fraction with various surveys.
Spectral Ref. Separation range Companion mass Type Value
Type log [au] range (per cent)
B (1) 1.5 ≤ log aproj < 2.9 q ≥ 0.10 CSF 29.0±2.7
1.5 ≤ log aproj < 2.9 q ≥ 0.05 CSF ≥ 32.5
all all CSF ≥ 99.7± 0.5
all all MF ≥ 61.1± 2.8
BA (ScoCen) (2) 1.5 ≤ log aproj < 2.9 q ≥ 0.10 CSF 25.1±3.6
1.5 ≤ log aproj < 2.9 q ≥ 0.05 CSF ≥ 28.1
A (3) 1.5 ≤ log aproj < 2.9 q ≥ 0.10 CSF 21.9±2.6
1.5 ≤ log aproj < 2.9 q ≥ 0.05 CSF ≥ 26.0
all M2 ≥ 0.08 M⊙ CSF 68.9±7.0
all M2 ≥ 0.08 M⊙ MF ≥ 43.6± 5.3
FGK (4) 1.5 ≤ log aproj < 2.9 q ≥ 0.10 CSF 19.6±2.1
all M2 ≥ 0.08M⊙ CSF 61.0±3.7
all M2 ≥ 0.08M⊙ MF 46.0±2.0
M (5) 1.5 ≤ log aproj < 2.9 M2 ≥ 0.08 M⊙ CSF 17.1±5.4
(6,7) all M2 ≥ 0.08M⊙ CSF 33.0±5.0
(6) all M2 ≥ 0.08M⊙ MF 26.0±3.0
(5) all M2 ≥ 0.08M⊙ MF 42.0±9.0
LT (8) log aproj ≥ 1.6 M2 ≥ 0.03M⊙ CSF ≤ 2.3
(8) MF,CSF ≈ 22±5.0
(9) all q ≥ 0.20 MF 12.5±3.0
Note. Table and values are reproduced from De Rosa et al. (2014) and Ducheˆne and Kraus
(2013; and references therein), respectively, and completed with results from this study.
References: (1) This work; (2) Kouwenhoven et al. (2005); (3) De Rosa et al. (2014); (4)
Raghavan et al. (2010); (5) Fischer and Marcy (1992); (6) Delfosse et al. (2004); (7) Dieterich
et al. (2012); (8) Allen et al. (2007); (9) Reid et al. (2008)
lower limits are the frequencies for A-type primaries (black, De Rosa et al. 2014), B and
early-B type stars (blue, this work, and e.g., magenta, Abt et al. 1990) as well as those for
O-type stars (yellow, Ducheˆne and Kraus 2013; and references therein), accounting for the
mentioned incompleteness to stellar and sub-stellar companions at the bottom of the main
sequence. For completeness the frequently used multiplicity fraction estimated by Fischer
and Marcy (1992) for M-type stars is indicated by dashed error-bars in the left-hand panel of
Figure 29. In the solar-mass range, Raghavan et al. (2010) found that slightly less than the
half of all solar type stars are actually single stars like our Sun. Taking advantage of their
large sample of 454 solar-mass dwarfs within 25 pc of the Sun, Raghavan et al. (2010) also
found that super-solar dwarfs (F-type stars) have a marginally higher multiplicity rate than
sub-solar dwarfs (K-type stars), which is indicated by the additional data points located left
and right of the binary fractions measured for solar-type primaries.
In general, however, the progress of the CSF and the MF, both increasing as function of
the primary mass, are qualitatively similar, although the multiplicity fraction possesses a
shallower slope due its intrinsic upper limit at 100%.
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The right-hand panel of Figure 29 illustrates the calculated companion star fractions as
function of the primary mass obtained between 30 and 800 au for mass ratios down to
q = 0.1 as represented by the solid points, as well as for mass ratios down to q = 0.05
indicated by the upward triangles with dashed error-bars. Shown from left to right are the
results for, the investigated B-type primaries (blue, this work); the Sco OB2 survey of A
and B-type stars (magenta, Kouwenhoven et al. 2005); A-type primaries investigated in
the VAST survey (black, De Rosa et al. 2014); for solar-type stars (green, Raghavan et al.
2010) and for M-type stars (light blue, Fischer and Marcy 1992), respectively. Additionally
plotted is the upper limit to the L-dwarf CSF beyond 40 au (red, Allen et al. 2007).
The general trend observed in the comparison of the different surveys and demonstrated in
both plots, is consistent with the predicted increase of the total multiplicity with increasing
primary mass, for instance, from hydrodynamical simulations by Bate (2009; 2012) or
numerical N-body simulations of stellar cluster by Sterzik and Durisen (2003), respectively.
However, the large statistical uncertainties and the lack of sensitivity to sub-stellar and very
low-mass companions in the sample currently still prevent the derivation of a conclusive
functional form for the companion star or the multiplicity fraction over the whole possible
range of primary masses.
A note on higher-order multiple systems
Within the analysed sample of 316 stars the numbers of single, binary, triple and higher-
order multiple systems, with more than four components, are 185, 112, 15, 1, 0, 2, 0
and 1, respectively. These numbers were conducted from the available sample of physical
companions and the number of identified candidate companions, assuming they are real.







−0.1. Expanding the sample to include all available multiplicity data for
the investigated B-type stars from the WDS catalogue (Mason et al. 2001) and the SB9
catalogue (Pourbaix et al. 2004), respectively, listed in Table A7 and again assuming that
the compiled literature companions are physical, the number of single, binary, triple and
higher-order multiple systems changes to 123, 120, 46, 15,8 , 1, 1, 1, 1, and the computed









0.3+0.7−0.1 for systems with five and more components, respectively. As can be seen in particular
the number of triple systems is significantly increased, mainly due to the included unresolved
spectroscopic and close companions, identified for instance via interferometry.
Compared to binaries, higher-order multiple systems, i.e. systems with three and more
components, have more parameter (periods, mass ratios, etc.) and hence their statistics
can bring additional insights on the formation mechanisms. However, given the low-number
of higher-order multiples no meaningful statistical analysis is possible at this point and the
following results are only informative.
In this study, 46 triple systems were identified, with 43 triples composed of close pair and
distant companion and 3 triple systems consisting of a single primary and a wide binary
system with small separations, i.e. in a tight orbit. Figure 30 compares the inner, short





































































Single + wide binary
Figure 30. Illustrated is the ratio of the outer and inner period as a function of the inner period
for hierarchical triple systems consisting of a binary and a wide tertiary component
(red circles), and those consisting of a single star with a distant pair of lower-
mass components in a tight orbit (black squares). Also shown is the stability limit
of Pout/Pin = 5 (dashed line), with systems below this line being susceptible to
dynamical processing (Eggleton 2006). The only confirmed hierarchical triple system
found to be in a potentially unstable configuration within this study is indicated, as
well as the two potential unstable candidate triple systems (open circles).
periods Pin at levels 11 and 12 to the outer, long periods Pout at level 1 (for a definition
of levels see e.g., Reipurth et al. 2014) for the 19 triple systems, 17 level 11 triple and
2 level 12 triple, respectively, with sufficient information to estimate the orbital period by
assuming that the projected separation equals the orbital semi-major axis. Also shown is the
stability limit of Pout/Pin = 5, with systems below this line being susceptible to dynamical
processing (Eggleton 2006).
The only triple system with both companion confirmed by CPM and found just beneath the
stability limit is HIP 79199. However, due to the fact that the true semi-major axis is not
known the ratio of periods is only a rough estimation and it is likely that the system is in
a dynamically stable configuration. On the other hand, two systems were identified with a
ratio of periods < 2, namely HIP 88012 and HIP 39331. Both systems were observed only
once, and given the high probabilities of being chance projections, ranging from 16 to 37
percent, it is very likely that either one or both candidate companions in these systems are
actually unrelated, i.e. not gravitationally bound, to the primary target.
Although most of the found higher-order systems are not yet confirmed, all these multiple
systems might represent suitable candidates for future orbital motion monitoring work.
With sufficient orbital coverage, model-independent mass estimates, the so-called dynamical
masses, can be derived for each component within the system, which can be a very useful
diagnostic tool to test evolutionary models, since multilevelled hierarchical systems, for




This thesis explored the multiplicity of intermediate and high-mass B-type stars which ap-
pears to be a natural and rather frequent outcome of the star formation process. For this
purpose, a volume-limited (D ≤ 1 kpc) sample of 316 B-type stars was conducted and
analysed, employing a combination of public available high-angular resolution archival data
and own observations, obtained with the adaptive optics near-infrared imager NaCo which
is mounted at the Very Large Telescope in Chile.
Each data-set was systematically reduced and calibrated according to availability of an as-
trometric calibrator such as a binary or a cluster, respectively, observed in the same night as
the science target. This, however, was not the case for the majority of the observations and
therefore a new approach was applied in this study, the “auto-calibration”. This method
uses the science data itself to estimate the pixel scale and detector orientation, without
observed astrometric calibrator. As demonstrated in section 4.2, the results are consistent
with calibrations obtained from a binary or a cluster. However, the small offsets observed
between the calibration methods can alter the results and prevent a solid conclusion. Thus,
care needs to be taken when comparing data points taken with different instruments or
in differing observing epochs, and ideally observations should be executed with the same
instrument set-up and the same astrometric calibrators in each observing epoch.
Given the separation and position angle of any object observed in the vicinity of the pri-
mary target either from multi-epoch observations or from the combination with evaluated
literature data, a common proper motion analysis was performed, taking into account the
possible orbital motion in a system, the proper motion of the primary star and the revolution
of the Earth around the Sun.
Within the sample of 316 B-type stars a total of 194 sources was resolved in the vicinity
of 148 stars. As a result of the common proper motion analysis, 33 of these objects were
identified as unrelated background sources, while the physical association of 86 objects to
their host-star could be confirmed by this technique. However, for the 75 remaining candi-
date companions no conclusive estimation on their companion status was possible, mainly
due to uncertainties in the results introduced by, for instance, distance and proper motion
estimates of the primary, respectively, the applied calibration, the time difference between
consecutive observations or offsets in the data between the various instruments and sources
employed for the analysis. In particular for those objects more observations are needed to
derive a final companion status. Also, numerous previously unpublished companions and
candidate companions were identified, including 9 new confirmed common proper motion
pairs, 38 candidate companions and 19 previously known candidates confirmed for the first
time here. A particular interesting finding, within this thesis, was the discovery of the first
ever confirmed hierarchical triple in the centre of the planetary nebula HIP 3678, falsely
classified as normal main sequence B-type star and found by chance in the sample.
The projected separations of the confirmed companions, in general, vary between about 16
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and approximately 7000 au, with orbital periods ranging from about 30 up to several hundred
thousands of years. Assuming a log-normal distribution, the peak of the separation distri-
bution fit to the sub-sample of physical companions, is located at log aproj. = 2.33± 0.07,
corresponding to aproj. = 214
+38
−24 au, and a width of σlog aproj. = 0.60 ± 0.05. This result is
well consistent with the general trend of an increase in the location of the peak as a function
of the primary mass (Figure 26), although the combination of the measured and available
literature data strongly suggest a more complex shape of the separation distribution, and
thus more in-depth investigations are required.
The derived masses of the analysed primaries range between 1.8 and 13M⊙, whereas the
masses of the found confirmed companions vary between 0.1 and 9M⊙, covering a mass
ratio range which extends from 0.05 to 0.91 . Similar to previous surveys a power-law,
f (q) ∝ qΓ, was utilised to characterize the distribution of mass ratios. The best estimate
power-law index obtained from the cumulative q-distribution fit to the confirmed com-
panions is Γ = −0.39 ± 0.14, consistent with previous smaller surveys of B-type stars.
Also, similar to previous studies of solar-type and A-type stars, evidence was found for a
dependency of the mass ratio as a function of separation with two statistically distinct
distributions for confirmed companions with q ≥ 0.05 (Figure 27). Based only on low num-
bers, the preliminary results, with low-q systems preferentially found at larger separations
(aproj. > 60 au), are indicative of a population of companions formed through either initial
(Bonnell and Bastien 1992) or disc fragmentation (Kratter et al. 2010).
The measured companion star fraction (CSF) over a restricted separation range of 30–
800 au and a uniform mass ratio range down to q = 0.1 is 29.0± 2.7 per cent (Figure 29).
Compared with the CSF of 21.9±2.6 per cent measured for A-type primaries (De Rosa et al.
2014), 19.6± 2.1 per cent for solar-type primaries (Raghavan et al. 2010), and 17.1± 5.4
per cent for M-dwarf primaries (Fischer and Marcy 1992) the observed trend is indicative for
an increasing multiplicity as function of primary mass and also consistent with theoretical
predictions of the frequency of binary systems determined from numerical simulations (Bate
2009; 2012, Sterzik and Durisen 2003).
Although the data presented and analysed in this thesis represent a competitive attempt
to characterize the multiplicity of B-type stars, the statistical uncertainties and the lack of
sensitivity to close (aproj. ≤ 20 au) and wide companions (aproj. ≥ 2000 au) in this study
require a much larger sample size to draw a complete picture. In this regard especially
probing the regions close to the primary star (aproj. ≤ 100 au) would be of great interest
to fully constrain the shape of separation/period and mass-ratio distribution. An impor-
tant extension of this thesis, therefore, would be to search for companions interior to the
detection limits of the AO data presented here. Interferometric and spectroscopic monitor-
ing of these targets will provide sensitivity to companions interior to aproj. . 10 au, while
next-generation high-contrast AO instruments such as VLT/SPHERE can be used to tightly
constrain the population of low-mass stellar companions within a more restricted separation
range of about 10–100 au, i.e. with orbital periods of only tens of years. Thus, already
relatively small epoch differences would allow the determination of dynamical masses, a
useful tool to test evolutionary models.
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Following is a list of the tables containing the data observed, computed and utilised in this
thesis:
Table A1: – General object information for each sample star. Presented are the name, spectral
type, distance, apparent near-infrared magnitudes, the estimated age and mass
of the investigated B-type primary star as well as expected number of 2MASS
sources per square arc minute.
Table A2: – Observation log of the investigated ESO/VLT NaCo archive data. Listed are the
Hipparcos ID, observation epoch, program id and principle investigator (PI) as
well as the exposure time, ﬁlter, camera objective, and the measured FWHM
of the PSF, in milliarcsecond. Also presented are the estimated pixel scale and
detector orientation and the employed calibration method.
Table A3: – Astrometric results. Observed and theoretical change in separation and position
angle for each resolved candidate companion with more than one available VLT/-
NaCo observation and/or literature values. Also shown are the deviations from
the background hypothesis and the results of the χ2 probability test to derive the
companion status.
Table A4: – Photometric results. The table shows the measured magnitude diﬀerence, the
used ﬁlter as well as the calculated apparent and absolute magnitudes of each
primaries and any candidate source detected.
Table A5: – Companion mass estimation results. Presented are the assumed system age, the
calculated absolute magnitude as well as the derived masses, employing diﬀerent
evolutionary models, the ﬁnal estimated mass and the mass-ratio of the companion
assuming it is physical.
Table A6: – Summary of the most relevant data for each detected co-moving, refute or can-
didate companion, evaluated in this thesis. The estimated probability of being a
chance projection as well as the assigned companion status are presented in the
last two columns.
Table A7: – List of previous registered companions to the investigated B-type sample, found
in the literature and not resolved in the study. Depending on availability either











Table A1. B-type star target sample information
HIP Spectrala Plx µα cos δ µδ B V J H K Age ≈Mass 2MASS sources
c
type (mas) (mas/yr) (mas/yr) (mag) (mag) (mag) (mag) (mag) (Myr) (M⊙) (arcmin−2)
145 B6V 7.18±0.3 19.1±0.29 -9.67±0.16 5.005±0.002 5.12±0.002 5.399±0.019 5.453±0.043 5.438±0.019 80±9 4.0 0.115
377 B8IV/V 5.7±0.24 29.78±0.23 -12.85±0.19 5.486±0.002 5.584±0.003 5.775±0.018 5.835±0.032 5.822±0.026 152±9 3.4 0.196
1191 B9V 9.63±0.39 23.65±0.43 -7.8±0.2 5.695±0.004 5.756±0.003 5.929±0.026 5.972±0.037 5.94±0.017 182±75 2.5 0.104
1830 B9 IV 5.79±0.47 22.04±0.48 3±0.42 6.491±0.004 6.553±0.004 6.635±0.019 6.645±0.02 6.656±0.017 146±25 2.7 0.103
2548 B9.5V 12.35±0.55 31.9±0.8 4.1±0.8 5.686±0.003 5.693±0.002 5.677±0.037 5.681±0.039 5.637±0.019 1139±93 2.0 0.117
3678 B0 (PG1159)b 2.12±3.01 -18.1±1.9 -9.8±1.9 11.47±0.01 11.769±0.01 12.612±0.057 12.795±0.029 12.869±0.029 200±10 0.8 0.102
3741 B9Va 9.51±0.77 24.5±0.8 -11.2±0.8 5.514±0.002 5.559±0.004 5.647±0.026 5.686±0.026 5.644±0.02 210±58 2.5 0.097
5778 B8IV HgMn metallic lines 7.17±0.44 -29.8±0.8 -24.3±0.8 5.876±0.003 5.958±0.004 6.065±0.024 6.21±0.028 6.212±0.016 84±26 3.2 0.149
10602 B6V 21.22±0.12 92.5±0.9 -24±0.9 3.453±0.002 3.546±0.002 4.026±0.298 3.95±0.261 4.126±0.268 58±12 4.0 0.119
13951 B8 V 9±0.43 -5.62±0.5 -22.11±0.51 5.493±0.008 5.543±0.004 5.688±0.032 5.686±0.024 5.664±0.02 87±26 3.2 0.120
14131 B9V 6.34±0.2 26.2±0.7 14.6±0.7 5.38±0.002 5.5±0.003 5.761±0.026 5.863±0.027 5.837±0.026 282±8 3.1 0.197
15627 B5III 6.41±0.73 25.7±1.1 -25.2±1.1 5.225±0.008 5.306±0.004 5.388±0.028 5.439±0.017 5.436±0.02 44±8 4.4 0.210
16511 B9IV 9.31±0.38 31.38±0.39 -48.67±0.31 5.69±0.003 5.75±0.003 5.809±0.02 5.894±0.028 5.881±0.017 126±37 2.7 0.172
16803 B9Vp lambda Boo 6.7±0.51 28.5±0.7 -10.3±0.7 5.123±0.004 5.236±0.004 5.459±0.018 5.563±0.048 5.526±0.024 297±22 3.1 0.128
17563 B3V 6.11±0.29 21.3±0.9 -13.8±1 5.236±0.003 5.335±0.003 5.541±0.048 5.625±0.05 5.592±0.02 13±10 5.9 0.169
17921 B9IVpHgMnSi sn 8.86±0.42 23.73±0.4 -44.68±0.34 6.06±0.004 6.067±0.004 5.967±0.018 6.051±0.061 5.975±0.02 113±39 2.6 0.289
18213 B6/7 V 9.42±0.22 32.12±0.17 -0.92±0.22 4.969±0.002 5.092±0.002 5.39±0.024 5.446±0.037 5.454±0.017 36±12 3.7 0.130
18788 B5V 7.88±0.27 27.84±0.32 -14.32±0.31 5.138±0.003 5.269±0.003 5.57±0.024 5.647±0.028 5.662±0.02 29±10 4.0 0.164
19720 B8Vn 7.56±0.81 22.49±0.92 -23.94±0.76 6.272±0.004 6.243±0.007 6.046±0.02 6.041±0.041 6.028±0.019 83±24 3.2 0.219
19860 B3IV 7.16±0.34 19.73±0.31 -22.04±0.27 4.217±0.004 4.28±0.003 4.684±0.252 4.413±0.035 4.433±0.034 54±10 6.0 0.218
20020 B9 IV 7.08±0.33 5.4±1.5 7.7±1.5 5.938±0.004 6.012±0.007 6.126±0.026 6.153±0.048 6.178±0.024 184±14 2.8 0.200
20042 B6V 18.33±0.15 62.52±0.11 -7.24±0.16 3.453±0.002 3.546±0.002 3.864±0.314 3.857±0.268 3.954±0.244 25±13 4.0 0.150
20171 B9Vsp 12.08±0.36 29.65±0.33 -42.09±0.28 5.425±0.003 5.489±0.003 5.572±0.026 5.609±0.017 5.611±0.016 116±45 2.5 0.319
20554 B6V 4.55±0.51 2.3±1.1 11.7±1.1 7.263±0.004 7.361±0.008 7.557±0.027 7.622±0.046 7.625±0.024 59±15 4.0 0.152
20804 B8IV 5.55±0.73 -1.8±1.4 -10.6±1.3 5.916±0.004 5.864±0.004 5.625±0.023 5.677±0.043 5.644±0.023 152±18 3.8 0.257
21177 B8 V 5.04±0.55 11.52±0.5 -13.99±0.53 7.197±0.008 7.242±0.009 7.315±0.023 7.413±0.046 7.372±0.017 54±15 3.2 0.219
21192 B9IIIpHg 6.86±0.35 18±1.1 -15.7±1.1 5.64±0.008 5.752±0.007 5.993±0.024 6.087±0.039 6.072±0.019 190±15 3.0 0.202
21640 B9 V 7.94±0.61 22.84±0.46 -17.88±0.48 7.252±0.004 7.263±0.009 7.261±0.023 7.298±0.037 7.296±0.037 101±39 2.5 0.208
21735 B6Vp 7.83±0.32 -0.9±0.8 -14.9±0.8 5.331±0.004 5.447±0.004 5.576±0.018 5.653±0.016 5.657±0.02 35±11 4.0 0.296
21949 B9V 6.64±0.23 9.28±0.23 34.91±0.25 5.407±0.003 5.517±0.003 5.725±0.02 5.79±0.027 5.823±0.017 274±9 3.1 0.701
22913 B7V 8.97±0.33 -3.47±0.3 -11.38±0.23 5.703±0.004 5.783±0.004 5.861±0.017 5.941±0.019 5.969±0.026 17±15 3.2 0.398
23419 B7V 6.42±1.71 -2.5±1.3 7.2±1.1 6.421±0.004 6.505±0.008 6.678±0.026 6.781±0.048 6.731±0.027 16±16 3.2 0.306











Table A1 – Continued from previous page
HIP Spectrala Plx µα cos δ µδ B V J H K Age ≈Mass 2MASS sources
c
type (mas) (mas/yr) (mas/yr) (mag) (mag) (mag) (mag) (mag) (Myr) (M⊙) (arcmin−2)
23745 B9.5 V 5.32±0.76 13.43±0.69 -13.39±0.57 7.657±0.008 7.637±0.008 7.584±0.017 7.656±0.037 7.625±0.016 567±268 2.0 0.289
23794 B9.5 V 10.56±0.34 10.7±0.38 -0.78±0.35 5.053±0.004 5.096±0.003 5.228±0.037 5.221±0.019 5.203±0.023 533±27 2.5 0.275
24196 B7V 2.54±0.73 4.8±1.1 -0.4±1.1 6.606±0.004 6.664±0.008 6.787±0.017 6.839±0.026 6.859±0.019 136±3 4.0 0.330
24244 B6V 14.07±0.16 28±0.9 -26.8±0.9 4.367±0.004 4.456±0.002 4.985±0.291 4.752±0.026 4.651±0.016 27±25 4.0 0.246
24305 B7IV 17.54±0.55 47.09±0.47 -16.39±0.39 3.19±0.002 3.279±0.002 3.463±0.246 3.469±0.233 3.523±0.236 99±1 4.0 0.243
24505 B9IV 11.73±0.27 10.11±0.17 -29.56±0.3 4.991±0.002 5.053±0.002 5.21±0.037 5.296±0.028 5.217±0.023 168±24 2.7 0.221
24552 B9.5 V 5.24±1.67 0.31±0.85 -3.3±0.83 10.152±0.03 9.828±0.035 9.255±0.026 8.475±0.032 7.677±0.023 143±29 2.0 0.266
24740 B8 V 8.19±0.47 15.2±1.2 -25.1±1.2 6.104±0.004 6.142±0.008 6.19±0.018 6.254±0.017 6.264±0.023 53±15 3.2 1.148
24825 B5 IV/V 3.8±0.47 1.94±0.43 9.34±0.4 6.217±0.004 6.342±0.008 6.662±0.024 6.728±0.043 6.79±0.037 30±12 4.5 0.242
24925 B8 III 3.55±1.28 0.4±1.1 -4.6±1.2 6.368±0.004 6.413±0.007 6.389±0.024 6.467±0.037 6.433±0.019 133±14 3.8 0.318
25365 B3 V 4.65±0.58 -4.2±1.1 -5.7±1.1 6.525±0.004 6.559±0.004 6.576±0.018 6.644±0.037 6.6±0.02 19±7 5.1 0.420
25657 B9 5.8±0.69 9.1±1.6 -9.3±1.5 7.678±0.008 7.616±0.008 7.446±0.023 7.454±0.02 7.454±0.027 85±22 2.5 0.711
26215 B9(III) 2.91±0.67 -1.9±2.7 -16.4±2.4 5.739±0.004 5.619±0.004 5.168±0.019 5.133±0.059 4.959±0.02 159±32 3.6 0.674
26235 O9.5Vp 2.11±0.41 3.7±0.8 4±0.8 4.981±0.008 5.018±0.009 4.912±0.037 4.922±0.063 4.836±0.02 11±1 13.2 0.624
26237 B1V 3.69±1.2 -6.7±2.8 0.4±2.8 4.41±0.002 4.598±0.004 5.361±0.257 5.053±0.052 5.056±0.017 10±1 10.9 0.614
26545 B7V 7.42±0.48 -10.3±0.9 16.5±0.9 5.73±0.003 5.804±0.003 5.922±0.019 5.991±0.041 5.939±0.017 19±17 3.2 0.239
26549 O9.5V 2.84±0.91 4.61±0.88 -0.4±0.53 3.578±0.003 3.793±0.003 4.751±0.259 4.64±0.252 4.489±0.016 10±1 13.3 0.495
26602 B8V 2.11±0.73 -6.23±0.47 1.46±0.51 6.304±0.003 6.402±0.004 6.512±0.024 6.578±0.02 6.578±0.02 143±3 3.8 0.302
26634 B9Ve 12.48±0.36 1.58±0.28 -24.82±0.5 2.565±0.002 2.65±0.004 2.703±0.275 2.815±0.225 2.829±0.261 176±2 4.0 0.258
26836 B7III 4.12±0.49 9.97±0.43 -17.84±0.31 6.502±0.004 6.573±0.004 6.631±0.017 6.695±0.014 6.709±0.017 143±22 3.3 0.997
26868 B9/9.5 V 7.61±0.2 4.99±0.13 50.77±0.2 5.256±0.002 5.283±0.002 5.333±0.023 5.309±0.032 5.285±0.017 322±20 3.1 0.259
27265 B8IIIpHg(Mn) 4.44±0.8 5.08±0.65 -2.65±0.49 5.923±0.003 5.992±0.004 6.061±0.026 6.093±0.016 6.127±0.017 136±26 3.8 0.936
27534 B6V 5.68±0.15 -21.81±0.11 17.39±0.16 4.969±0.002 5.094±0.003 5.368±0.024 5.488±0.041 5.421±0.019 103±18 4.3 0.827
27566 B9V 11.44±0.2 -4.23±0.23 65.78±0.22 5.387±0.003 5.452±0.003 5.594±0.018 5.635±0.024 5.642±0.02 180±79 2.5 0.325
27810 B5 V 9.75±0.21 -4.73±0.15 31.31±0.19 4.736±0.003 4.866±0.003 5.23±0.035 5.354±0.068 5.251±0.024 29±10 4.0 0.291
28691 B7 V 4.54±0.29 9.5±0.7 -20.8±0.7 5.04±0.003 5.136±0.003 5.311±0.037 5.429±0.061 5.359±0.019 150±8 4.2 1.173
28744 B2IVe 2.48±0.75 -2.8±0.9 3.1±0.9 5.173±0.004 5.249±0.004 5.087±0.019 5.067±0.052 4.781±0.019 20±2 9.5 0.577
28992 B5Ve 3.2±0.27 2.39±0.19 -0.11±0.29 5.717±0.003 5.846±0.003 5.866±0.019 5.837±0.03 5.698±0.019 89±3 5.0 0.324
29134 B9.5III 10.88±0.13 -50.84±0.15 18.99±0.16 4.989±0.002 5.044±0.002 5.153±0.019 5.196±0.023 5.193±0.017 591±25 2.5 0.643
29401 B8 II/III 5.68±0.69 -7.03±0.66 -2.3±0.6 6.118±0.004 6.199±0.008 6.269±0.02 6.337±0.023 6.326±0.026 46±10 3.2 0.686
29728 B6Ve 4.99±0.43 -0.36±0.41 -17.41±0.31 5.94±0.004 6.053±0.004 6.284±0.027 6.335±0.035 6.381±0.027 57±12 4.0 1.084
29941 B2/3 V 4.1±0.28 -5.71±0.21 7.08±0.21 5.34±0.002 5.5±0.002 5.876±0.029 5.988±0.039 5.975±0.02 19±5 6.7 0.485
30143 B3V 1.68±0.22 0.31±0.17 20.19±0.27 5.353±0.003 5.528±0.003 5.956±0.027 6.072±0.034 6.111±0.023 33±3 7.9 0.375
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30180 B6V 3.05±0.66 2.37±0.64 -16.15±0.46 7.225±0.008 7.33±0.012 7.551±0.037 7.577±0.035 7.618±0.017 47±12 4.0 1.291
30468 B6/7V 3.46±0.42 -2.78±0.36 4.12±0.33 6.039±0.004 6.119±0.004 6.206±0.024 6.302±0.057 6.269±0.017 124±11 4.1 0.679
30493 B9III 4.13±0.82 5.7±1.3 -15.9±1.3 6.632±0.008 6.731±0.008 6.854±0.018 6.918±0.054 6.926±0.02 200±55 2.9 0.980
30772 B3 V 3±0.24 -4.2±0.4 -2.5±0.4 4.872±0.002 5.041±0.004 5.459±0.017 5.587±0.037 5.565±0.019 39±2 7.0 0.988
30867 B4Ve shell 4.72±1.1 -2.8±3.4 -21.7±3.5 4.511±0.004 4.624±0.004 3.72 3.517 4.079 42±3 6.6 0.860
31137 B9IVn 4.31±0.38 -0.8±1.1 3.2±1.1 5.645±0.004 5.695±0.004 5.721±0.018 5.765±0.032 5.719±0.023 235±20 3.4 0.336
31190 B2 V 1.86±0.27 -2.83±0.21 4.29±0.25 5.532±0.002 5.708±0.003 5.929±0.019 5.98±0.041 5.914±0.026 20±2 9.4 0.456
31278 B5 V 5.89±0.24 2.09±0.22 -17.77±0.19 4.956±0.003 5.085±0.004 5.383±0.023 5.439±0.02 5.46±0.028 45±6 5.0 1.143
31959 B3 V 1.63±0.67 -2.73±0.46 5.28±0.59 7.977±0.008 8.086±0.008 8.31±0.023 8.388±0.046 8.395±0.023 21±7 5.8 0.556
32417 B9IV: 2.91±1.11 -4.45±0.84 -1.11±0.82 8.864±0.013 8.824±0.018 8.92±0.023 8.975±0.023 8.979±0.023 88±23 2.5 0.860
32753 B7 III 3.8±0.42 -15.7±0.7 -10.9±0.7 5.73±0.01 5.844±0.008 6.034±0.019 6.135±0.016 6.15±0.017 155±22 4.0 0.842
32823 B5 V 1.3±1.26 -2.24±0.66 4.08±0.84 9.229±0.012 9.329±0.016 9.593±0.026 9.637±0.021 9.685±0.023 19±15 15.7 0.774
32827 B2 III/IV 2.07±0.37 -4.19±0.24 5.5±0.34 6.132±0.002 6.314±0.004 6.743±0.028 6.816±0.034 6.823±0.017 20±2 7.7 0.751
32912 B7III 5.79±0.19 3.65±0.2 26.07±0.19 5.295±0.002 5.394±0.003 5.561±0.018 5.598±0.02 5.59±0.017 124±11 4.0 0.372
33211 B3 V 3.08±0.95 -3.23±0.57 1.98±0.79 8.965±0.008 9.137±0.014 9.435±0.026 9.515±0.024 9.55±0.02 13±6 16.4 0.871
33276 B5/7 V 1.17±1.09 -1.73±0.67 5.72±0.83 9.376±0.014 9.475±0.019 9.75±0.023 9.852±0.024 9.821±0.021 56±13 3.5 0.943
33343 B5 V 3.15±1.21 -3.1±1.4 4.7±1.4 9.071±0.008 9.173±0.01 9.458±0.027 9.555±0.028 9.541±0.028 14±13 19.5 1.022
33611 B2 V 2.33±0.6 -4.7±1.4 2.6±1.3 7±0.004 7.172±0.004 7.532±0.026 7.54±0.057 7.643±0.03 6±3 7.0 0.911
33650 B8II/III 2.73±0.48 -5.4±0.8 -8.3±0.7 6.288±0.003 6.393±0.004 6.544±0.028 6.625±0.017 6.635±0.027 157±10 3.9 0.510
33769 B2/3 V 1.07±0.66 -2.89±0.4 4.01±0.57 7.699±0.004 7.823±0.008 7.923±0.02 7.926±0.028 7.771±0.027 28±3 7.2 0.975
33814 B3 V 2.65±0.77 -2.41±0.49 2.8±0.63 7.934±0.01 8.081±0.01 8.472±0.019 8.538±0.067 8.578±0.02 11±4 5.0 0.911
33846 B2 V 1.51±0.57 -2.98±0.39 3.77±0.49 6.778±0.004 6.94±0.004 7.284±0.026 7.423±0.052 7.435±0.027 16±2 8.3 0.943
34041 B2/3 V 1.97±0.41 -3.45±0.22 3.26±0.38 6.678±0.004 6.852±0.004 7.225±0.034 7.326±0.035 7.314±0.027 25±4 6.8 1.086
34045 B6III 7.38±0.21 -0.28±0.17 -11.26±0.19 3.993±0.002 4.099±0.002 4.585±0.254 4.548±0.224 4.366±0.035 86±2 5.0 1.372
34153 B8 V 2.06±0.9 -3.6±0.57 4.31±0.78 8.998±0.01 9.045±0.014 9.128±0.024 9.201±0.026 9.203±0.023 62±18 3.2 1.053
34281 B5 V 1.68±0.95 -3.59±0.47 4.26±0.75 8.711±0.008 8.831±0.009 9.036±0.034 9.097±0.024 9.121±0.023 24±11 4.0 1.140
34338 B9.5III 4.91±0.33 -15.78±0.35 -7.13±0.25 5.977±0.003 6.092±0.004 6.308±0.019 6.373±0.034 6.368±0.017 431±66 2.8 0.957
34579 B3 V 1.77±0.44 -6.5±1 4.5±1 5.521±0.002 5.682±0.002 5.98±0.018 6.043±0.039 6.086±0.023 34±3 7.6 1.255
34758 B9.5III 6.98±0.38 -9.41±0.27 21.14±0.36 5.802±0.002 5.831±0.004 5.861±0.019 5.905±0.043 5.844±0.017 595±25 2.5 1.402
34898 B5 V 1.6±0.7 -34.6±1.7 8.5±1.7 7.71±0.008 7.803±0.008 8.064±0.027 8.149±0.037 8.199±0.028 56±5 4.7 0.999
34968 B8 V 2.26±0.9 -3.14±0.56 3.97±0.79 8.92±0.01 8.982±0.012 9.079±0.02 9.128±0.021 9.159±0.02 61±18 3.2 1.093
35037 B2.5Ve 3.58±0.17 -11.88±0.11 6.89±0.17 3.877±0.003 4.032±0.003 4.543±0.241 4.493±0.075 4.374±0.017 25±1 8.8 1.292
35110 B8 V 3.42±0.82 -3.58±0.47 4.22±0.59 7.946±0.008 8.012±0.008 8.116±0.043 8.154±0.057 8.097±0.02 62±18 3.2 1.520
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35168 B2III/IV 2.02±0.49 -2.42±0.33 3.77±0.4 6.973±0.004 7.14±0.008 7.499±0.02 7.589±0.043 7.671±0.02 10±5 7.0 1.105
35267 B5 V 2.31±0.77 -2.33±0.46 3.51±0.55 7.69±0.004 7.828±0.008 8.119±0.024 8.237±0.054 8.204±0.017 27±12 4.3 1.514
35413 B3 V 3.38±1.2 -4.61±0.75 4.42±0.87 8.532±0.008 8.633±0.01 8.8±0.026 8.862±0.043 8.842±0.023 16±6 14.6 1.620
35920 B8 V 5.66±0.4 -5.89±0.39 3.19±0.42 6.11±0.004 6.203±0.004 6.337±0.02 6.405±0.041 6.402±0.024 110±41 3.2 1.616
35951 B3 Ve 3.48±0.58 -4.6±0.42 -20.35±0.4 5.163±0.008 5.199±0.008 5.418±0.023 5.455±0.039 5.416±0.027 36±2 6.8 1.583
36009 B5 V 1.87±1 -0.5±1.6 1.4±1.4 7.736±0.008 7.875±0.008 8.137±0.024 8.232±0.063 8.263±0.032 39±6 4.5 1.492
36345 B2.5 V 4.38±0.61 -9.4±1.2 6.7±1.2 6.215±0.004 6.372±0.004 6.729±0.018 6.802±0.046 6.816±0.023 14±3 13.5 1.401
36363 B3 V 6.06±0.22 -21.97±0.17 16.13±0.21 5.25±0.002 5.396±0.003 5.714±0.023 5.806±0.035 5.822±0.027 15±11 5.5 0.936
36944 B5 V 1.42±0.81 -5.32±0.4 2.41±0.67 8.527±0.008 8.628±0.01 8.847±0.026 8.975±0.021 8.965±0.018 35±8 4.4 1.826
37322 B5 V 5.7±0.27 -22.1±0.26 16.49±0.25 5.627±0.004 5.752±0.004 5.919±0.019 6.005±0.034 5.982±0.017 28±14 4.4 1.263
37345 B4III 2.33±0.23 -0.85±0.18 -4.4±0.2 5.956±0.003 6.001±0.004 5.933±0.018 5.934±0.046 5.934±0.02 56±1 6.3 1.311
37450 B3 V 5.5±0.23 -20.95±0.21 16.25±0.22 5.274±0.002 5.401±0.003 5.71±0.019 5.802±0.026 5.783±0.026 12±10 5.9 1.275
37623 B5 V 5.21±0.22 -20.81±0.17 13.85±0.19 5.461±0.002 5.59±0.003 5.855±0.027 5.951±0.041 5.934±0.023 28±14 4.6 1.506
37752 B8 V 4.85±0.26 -21.59±0.22 15.51±0.3 5.775±0.003 5.877±0.004 6.063±0.017 6.177±0.037 6.145±0.023 150±9 3.5 1.433
37915 B5 V 5.52±0.24 -19.69±0.22 12.98±0.24 5.762±0.004 5.859±0.004 6.03±0.018 6.099±0.039 6.106±0.017 31±12 4.0 1.496
38373 B8 V 5.23±0.36 -14.85±0.36 -2.64±0.29 5.008±0.004 5.117±0.004 5.321 5.426±0.037 5.372±0.017 169±4 4.0 0.494
38906 B8.5IIIMn 2.95±0.41 -3.98±0.41 11.95±0.47 6.855±0.007 6.86±0.008 6.747±0.024 6.782±0.046 6.763±0.023 160±9 3.9 0.706
39331 B2 III 2.31±0.89 -2.96±0.68 4.77±0.59 8.821±0.008 8.946±0.013 9.203±0.029 9.298±0.021 9.303±0.02 22±2 9.2 1.260
39184 B3 III 4.25±0.25 -25.47±0.29 8.76±0.2 5.722±0.002 5.844±0.004 6.085±0.023 6.143±0.03 6.179±0.03 43±10 5.0 0.799
39906 B4IV 7.01±0.22 -13.9±0.9 -5.4±1 4.854±0.004 4.401±0.003 4.987±0.282 4.802±0.02 4.769±0.023 46±4 5.0 0.909
39970 B2V 2.95±0.19 -5.85±0.19 9.68±0.18 5.028±0.002 5.222±0.003 5.709±0.037 5.765±0.048 5.808±0.017 17±2 8.6 1.425
40085 B8III 3.72±0.39 -8.29±0.39 -16.17±0.38 5.969±0.004 6.079±0.004 6.223±0.018 6.275±0.035 6.347±0.017 154±18 3.9 0.312
40321 B2 V 3.21±0.21 -7.76±0.17 7.84±0.19 4.89±0.002 5.074±0.004 5.486±0.018 5.613±0.017 5.617±0.02 17±3 8.5 2.219
40787 B8 Ib/II 4.25±0.37 -9.37±0.27 5.09±0.28 6.357±0.003 6.434±0.004 6.514±0.017 6.606±0.024 6.585±0.017 170±11 3.2 2.037
40817 B9III/IV 7.5±0.35 -18±1 35.2±1.2 5.268±0.003 5.328±0.003 5.414±0.032 5.427±0.039 5.401±0.024 267±18 3.1 0.544
40834 B9/A0IV 7.79±0.21 -17.7±0.25 34.08±0.2 5.52±0.003 5.618±0.003 5.798±0.023 5.859±0.043 5.842±0.017 579±24 2.5 0.546
41049 B9 V 1.5±0.79 -7.8±1.4 3.3±1.4 8.986±0.01 9±0.012 9.079±0.024 9.109±0.023 9.123±0.027 168±59 2.7 2.287
41296 B2V 4.69±0.22 -14.32±0.23 17.04±0.2 5.006±0.004 5.165±0.004 5.527±0.024 5.624±0.041 5.633±0.02 7±4 7.4 1.361
41603 B8 III 2.24±0.48 0.08±0.45 -15.86±0.35 6.618±0.007 6.676±0.007 6.741±0.02 6.856±0.037 6.777±0.027 145±10 4.0 0.716
41674 B3 III 5.66±0.24 -25.45±0.24 14.77±0.21 5.854±0.003 5.974±0.004 6.228±0.023 6.306±0.024 6.316±0.019 12±11 4.9 2.281
41817 B9Vp 9.45±0.6 -35.6±1 -12.3±1.1 5.363±0.004 5.414±0.004 5.513±0.018 5.572±0.024 5.565±0.019 228±31 2.6 0.637
41843 B9.5Vp HgMnEu 4.49±0.4 -8.1±0.4 -14.87±0.32 6.737±0.007 6.768±0.008 6.794±0.026 6.844±0.032 6.834±0.032 569±27 2.5 0.242
42001 B5 III 3.91±0.23 -21.35±0.17 8.18±0.24 5.802±0.002 5.914±0.003 6.127±0.027 6.225±0.041 6.216±0.02 67±0 4.9 2.060
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42129 B3V 3.64±0.29 -21.71±0.27 11.32±0.27 5.12±0.002 5.244±0.002 5.506±0.019 5.598±0.026 5.602±0.017 41±10 6.6 1.068
42177 B8p (SI) 7.31±0.25 -13.37±0.22 11.17±0.2 5.664±0.003 5.785±0.003 6.019±0.027 6.033±0.03 6.041±0.017 158±14 3.1 1.789
42334 B9.5Vn 14.07±0.21 -24.51±0.19 -13.03±0.16 5.216±0.002 5.241±0.003 5.283±0.039 5.349±0.041 5.321±0.019 1168±43 2.0 0.866
42459 B6V 7.33±0.24 -23.9±0.24 23.46±0.22 5.311±0.003 5.44±0.003 5.77±0.017 5.814±0.041 5.802±0.017 37±10 4.0 1.611
42504 B4III 7.37±0.34 -25.5±1.2 20.8±1 5.046±0.004 5.17±0.004 5.544±0.054 5.539±0.046 5.532±0.016 17±10 5.0 1.684
42535 B6Vn 6.79±0.26 -25.3±0.27 23.14±0.24 5.432±0.003 5.546±0.004 5.822±0.023 5.925±0.054 5.894±0.026 45±9 4.0 1.708
42540 B9 V 11.68±0.5 -62.4±1 5.4±1 5.195±0.002 5.203±0.004 5.265±0.023 5.323±0.032 5.288±0.02 215±64 2.5 1.925
42637 B8V 10.53±0.16 -28.88±0.16 27.22±0.15 5.362±0.004 5.456±0.004 5.688±0.018 5.721±0.039 5.717±0.017 48±13 3.2 0.481
42715 B9IV(Si) 6.53±0.26 -21.8±1.2 24.3±1.1 5.356±0.003 5.479±0.004 5.743±0.019 5.807±0.037 5.809±0.019 265±15 3.0 1.782
43073 B9V 4.55±0.43 -20.6±0.32 5.04±0.35 6.158±0.003 6.203±0.003 6.184±0.02 6.243±0.043 6.199±0.023 307±16 3.1 1.966
43305 B8IIIp HgMn 7.24±0.24 -20.2±0.6 -21.7±0.6 5.214±0.002 5.291±0.002 5.447±0.026 5.447±0.037 5.435±0.023 104±11 3.5 0.288
43499 B7III 4.42±0.2 -14.85±0.23 15.79±0.18 5.486±0.003 5.585±0.003 5.774±0.023 5.82±0.032 5.817±0.02 155±23 4.2 1.460
43689 B4III 2.65±0.49 -11.63±0.46 7.69±0.4 7.481±0.007 7.572±0.008 7.709±0.027 7.818±0.041 7.77±0.023 27±9 5.0 2.355
43792 B2 Vn 1.02±1 -3±2.3 8.7±2.1 8.482±0.014 8.369±0.013 7.817±0.024 7.857±0.039 7.803±0.014 33±3 6.5 2.147
44299 B5V 7.6±0.45 -18.41±0.31 15.18±0.35 5.421±0.004 5.545±0.004 5.821±0.028 5.927±0.032 5.927±0.026 26±10 4.0 1.781
44798 B8IIIpHgMnEu 6.14±0.26 -20.5±0.3 -10.7±0.3 5.147±0.002 5.236±0.002 5.418±0.028 5.443±0.037 5.462±0.023 137±9 3.9 0.175
44883 B8III 5.31±0.61 -19.4±0.9 -1.9±1 5.552±0.004 5.605±0.004 5.614±0.024 5.651±0.028 5.64±0.023 143±21 3.9 0.267
45189 B8V 4.71±0.46 -1±1.1 10±1.1 5.816±0.004 5.927±0.004 5.774±0.028 5.867±0.032 5.862±0.03 159±9 3.9 1.853
45270 B9V 6.4±0.25 -25.23±0.25 14.24±0.23 5.87±0.003 5.903±0.003 5.889±0.023 5.953±0.037 5.893±0.02 268±9 3.1 2.385
45314 B7.5V 6.2±0.27 -24.9±0.26 13.13±0.19 5.731±0.003 5.842±0.003 6.06±0.018 6.153±0.032 6.133±0.027 45±7 3.4 1.908
45344 B3/5V 5.33±0.26 -23.6±0.9 8.7±0.9 5.11±0.002 5.239±0.004 5.502±0.023 5.574±0.046 5.59±0.019 69±3 4.9 1.692
45631 B9V 7.45±0.18 -20.42±0.18 14.68±0.15 5.197±0.003 5.256±0.003 5.394±0.032 5.381±0.048 5.388±0.019 292±9 3.2 3.575
45941 B2IV 5.7±0.3 -11.4±0.32 11.52±0.27 2.331±0.003 2.469±0.003 2.861±0.263 2.928±0.202 3.029±0.259 20±2 10.2 3.510
46283 B5V 7.6±0.18 -19.59±0.19 11.35±0.17 4.989±0.002 5.09±0.002 5.298±0.019 5.383±0.037 5.385±0.024 33±13 4.0 4.261
46329 B5V 1.59±0.67 -14.7±1 -4.9±1 6.021±0.004 6.111±0.004 6.177±0.017 6.191±0.037 6.09±0.017 61±5 5.5 0.485
46594 B8III 7.54±0.2 -19.7±1 10.6±0.9 5.367±0.002 5.441±0.003 5.616±0.027 5.689±0.046 5.625±0.02 74±7 3.2 3.803
46914 B5IV 3.93±0.49 -11±2.4 11±2.1 5.252±0.01 5.434±0.008 5.315±0.019 5.406±0.028 5.396±0.02 89±5 5.0 2.623
46928 B5V 5.7±0.15 -34.84±0.17 14.17±0.15 4.933±0.003 5.063±0.003 5.406±0.017 5.385±0.046 5.426±0.017 55±5 5.0 0.498
47452 B5V 7.48±0.3 -27.6±0.7 -19±0.6 4.919±0.003 5.05±0.002 5.355±0.026 5.418±0.05 5.427±0.017 31±13 4.0 0.237
47522 B5 Ve 6.44±0.2 -29.3±0.17 2.72±0.14 4.636±0.002 4.757±0.002 4.755±0.037 4.743±0.075 4.54±0.016 82±12 5.0 0.325
48224 B7III 3.87±0.26 -26.8±0.9 10.2±0.9 5±0.002 5.09±0.002 5.313±0.037 5.482±0.023 5.25±0.019 98±2 4.9 1.429
48943 B5 Ve 4.09±0.55 -22.6±1.4 3.7±1.4 6.065±0.004 6.156±0.004 6.315±0.02 6.35±0.027 6.231±0.02 45±5 4.7 0.291
49712 B3III/IV 2.45±0.19 -14.97±0.18 0.43±0.16 4.729±0.002 4.853±0.002 5.032±0.043 5.166±0.05 5.102±0.023 38±3 7.5 2.596
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50044 B5 (III)E 1.34±0.29 -14.83±0.28 2.87±0.26 6.007±0.003 6.091±0.004 6.081±0.017 6.078±0.02 6.024±0.032 60±14 5.6 5.111
50480 B9V 6.13±0.32 -28.12±0.2 3.66±0.23 5.903±0.002 5.96±0.002 6.041±0.018 6.142±0.041 6.098±0.017 263±5 3.0 0.675
50847 B8V 8.12±0.18 -22.34±0.2 11.5±0.18 4.842±0.002 4.958±0.002 5.203±0.017 5.291±0.028 5.314±0.024 162±16 3.3 1.733
51362 B9.5 V 10.13±0.23 -48.88±0.21 -13.31±0.18 5.144±0.002 5.178±0.003 5.223±0.027 5.256±0.032 5.238±0.016 563±25 2.5 0.147
51376 B9.5 V 7.51±0.48 -30.7±0.9 5.9±0.9 5.533±0.002 5.568±0.002 5.625±0.029 5.638±0.048 5.597±0.026 578±32 2.5 0.328
51437 B6 V 8.06±0.36 -39.12±0.45 -23.49±0.55 4.943±0.003 5.063±0.003 5.35±0.041 5.41±0.039 5.386±0.017 54±10 4.0 0.131
51491 B9 IV 6.24±0.32 -33.96±0.21 -1.09±0.26 5.565±0.003 5.589±0.004 5.52±0.018 5.517±0.019 5.517±0.023 276±29 3.1 0.180
52221 B5III 6.23±0.24 -16.92±0.27 13±0.2 5.355±0.003 5.501±0.003 5.789±0.024 5.867±0.037 5.875±0.023 24±13 4.0 2.930
52742 B8III(e) shell 6.2±0.19 -20.81±0.21 -0.32±0.16 5.059±0.002 5.137±0.002 5.199±0.017 5.304±0.03 5.224±0.019 149±15 4.0 4.503
53272 B6 V 4.29±0.42 -19±2 1.5±2 6.061±0.009 6.215±0.009 5.954±0.02 5.998±0.032 5.98±0.023 93±14 4.1 1.370
53762 B8/9V 10.69±0.34 -62.95±0.21 9.93±0.24 5.738±0.002 5.8±0.003 5.915±0.024 6.033±0.032 5.96±0.017 103±52 2.5 0.609
54255 B8 V 4.71±0.27 34.74±0.22 -17.06±0.2 5.651±0.013 5.714±0.008 5.742±0.02 5.783±0.037 5.764±0.017 162±7 3.9 0.239
54257 B7V 7.04±0.45 -22.24±0.46 1.06±0.41 7.84±0.008 7.681±0.008 7.153±0.02 7.09±0.03 6.969±0.023 15±9 3.1 0.819
54413 B9 III 6.31±0.62 -19.07±0.64 1.79±0.57 8.798±0.014 8.449±0.014 7.267±0.023 6.664±0.048 5.94±0.028 148±37 2.7 0.689
54557 B9V 5.6±0.88 -20.84±0.78 -0.57±0.68 9.395±0.017 9.01±0.016 7.64±0.026 7.347±0.054 7.149±0.019 98±31 2.5 0.780
54767 B8III 10.43±0.19 -47.69±0.2 4.95±0.18 5.145±0.002 5.217±0.002 5.414±0.029 5.441±0.046 5.418±0.034 46±5 3.2 5.309
54829 B2III 1.48±0.22 -6.87±0.23 -0.66±0.21 5.63±0.003 5.734±0.003 5.893±0.017 5.953±0.043 5.931±0.02 24±2 9.1 7.624
55597 B5IV 8.08±0.38 -15.4±3 12.6±2.9 5.294±0.004 5.388±0.004 5.242±0.018 5.314±0.035 5.282±0.023 26±13 4.0 4.820
55657 B2/3V 3.28±0.21 -25.84±0.19 -2.24±0.2 5.598±0.003 5.578±0.003 5.41±0.026 5.441±0.028 5.408±0.017 31±3 7.5 1.303
55667 B2V 1.18±0.57 -9.13±0.29 0.38±0.31 5.947±0.004 6.118±0.004 6.548±0.028 6.644±0.046 6.65±0.016 19±2 9.7 0.524
56000 B9IV 4.66±0.7 -38.7±1.1 5.2±1.1 5.107±0.002 5.131±0.002 5.182±0.024 5.204±0.026 5.173±0.032 198±15 3.6 0.519
56379 B9 VNE 10.32±0.43 -37.6±1.3 -0.6±1.2 6.712±0.004 6.696±0.004 6.425±0.019 5.961±0.03 5.418±0.023 117±42 2.5 1.791
56480 B9 V 7.65±0.22 -56.17±0.18 16.19±0.2 4.552±0.002 4.613±0.002 4.743±0.273 4.788±0.023 4.721±0.035 318±4 3.2 1.718
56709 B5 8.93±0.87 -46.97±0.49 34.53±0.55 8.76±0.009 8.008±0.008 7.11±0.018 6.942±0.024 6.919±0.023 7±5 23.5 0.687
56754 B9 IV 11.44±0.42 -65.1±1 10.6±1 5.107±0.002 5.137±0.002 5.172±0.037 5.236±0.072 5.125±0.02 171±16 2.8 10.196
57371 B6III 4.72±0.26 -41.63±0.16 5.01±0.2 5.159±0.002 5.27±0.003 5.492±0.027 5.538±0.028 5.55±0.019 87±4 4.8 0.617
58326 B3V 5.34±0.25 -23.76±0.24 -4.32±0.21 5.409±0.002 5.557±0.003 5.879±0.019 6.014±0.028 5.994±0.02 13±10 5.7 12.266
58379 B7III 4.28±0.34 -21.69±0.28 1.16±0.21 5.376±0.003 5.435±0.003 5.499±0.017 5.55±0.027 5.51±0.019 137±14 4.3 2.311
58587 B2 V 1.03±0.53 -16.4±0.37 6.73±0.28 5.083±0.003 5.268±0.003 5.676±0.02 5.817±0.03 5.822±0.019 16±1 10.9 0.164
58720 B9V 9.46±0.21 -38.84±0.19 -6.58±0.16 5.813±0.002 5.879±0.003 6.01±0.02 6.079±0.028 6.085±0.024 183±78 2.5 2.540
59607 B4 IV 2.29±0.29 -28.27±0.23 -11±0.15 5.619±0.002 5.76±0.002 6.031±0.02 6.085±0.046 6.094±0.027 52±6 6.3 0.372
60189 B8 Ve 7.85±0.22 -108.97±0.22 -27.31±0.11 5.11±0.003 5.196±0.003 5.313±0.018 5.335±0.026 5.317±0.019 161±16 3.3 0.182
60379 B7Vn 9.02±0.29 -37.12±0.2 -12.44±0.19 5.281±0.002 5.372±0.002 5.591±0.017 5.594±0.028 5.636±0.016 20±17 3.2 2.979
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60449 B9III 7.34±0.26 -41.16±0.2 -7.44±0.15 5.25±0.002 5.311±0.002 5.414±0.018 5.46±0.023 5.427±0.017 292±31 3.1 0.315
60463 B8/9 V 9.73±0.32 -61.3±1.5 -16±1.2 5.723±0.003 5.784±0.003 5.925±0.029 5.995±0.032 5.964±0.026 108±40 2.5 0.388
60610 B9 IV/V 7.43±0.33 -40.57±0.25 -6.28±0.18 5.65±0.004 5.702±0.004 5.815±0.019 5.844±0.028 5.847±0.016 249±1 2.9 0.311
60735 B9 V 6.43±0.25 -6.14±0.17 -30.44±0.15 5.577±0.003 5.56±0.003 5.478±0.018 5.475±0.03 5.443±0.02 314±8 3.2 0.269
60851 B9.5V 10.21±0.33 -36.21±0.32 -12.34±0.25 6.076±0.004 6.047±0.003 5.973±0.018 6.002±0.041 5.96±0.024 1168±44 2.0 11.821
60855 B8/9 V 7.47±0.28 -27.9±0.23 -13.75±0.15 5.383±0.004 5.446±0.004 5.514±0.019 5.578±0.03 5.54±0.017 176±28 3.1 0.386
61318 B9.5 V 12.62±0.28 -83.27±0.22 0.23±0.16 5.461±0.004 5.489±0.004 5.56±0.017 5.636±0.024 5.585±0.017 1168±43 2.0 0.133
61789 B8IIIMn (metallic lines) 8.94±0.24 -41.5±1 -24.8±0.8 4.55±0.002 4.629±0.002 4.88±0.037 4.902±0.075 4.784±0.017 114±5 3.7 0.414
61966 B6IVe 3.41±0.25 -24.66±0.18 -3.66±0.18 4.876±0.002 4.916±0.002 4.855±0.037 4.933±0.017 4.79±0.019 90±5 5.0 5.613
62026 B9V 9.22±0.4 -34.98±0.28 -16.44±0.25 6.043±0.002 6.059±0.002 6.026±0.019 6.034±0.039 6.014±0.017 178±76 2.5 2.098
62058 B7/8V 8.54±0.35 -31.8±0.26 -11.91±0.23 5.914±0.002 5.986±0.002 6.118±0.023 6.149±0.034 6.172±0.035 46±14 3.2 2.236
62786 B7/8 V 7±0.37 -26±0.3 -19.2±0.2 5.893±0.003 5.974±0.003 6.156±0.023 6.21±0.035 6.223±0.02 64±16 3.2 0.407
63005 B5Vne 8.01±0.29 -27.9±1.3 -15±1.3 5.013±0.004 5.096±0.004 5.315±0.017 5.382±0.046 5.313±0.02 30±12 4.0 2.848
63210 B8/9 V 8.85±0.27 -30.09±0.18 -14.65±0.17 5.105±0.002 5.164±0.002 5.327±0.017 5.361±0.028 5.342±0.027 196±45 3.1 1.070
63945 B2.5 V 8.36±0.25 -31.4±0.9 -17.5±0.8 4.568±0.002 4.697±0.002 5.02±0.037 5.139±0.016 5.045±0.024 12±1 15.2 0.828
64053 B8/9 V 9.99±0.32 -37.38±0.27 -20.23±0.22 5.644±0.002 5.702±0.002 5.815±0.019 5.745±0.026 5.729±0.026 94±24 2.8 1.433
64515 B9.5 V 8.91±0.71 -34.4±0.9 -18.7±0.8 5.899±0.004 5.905±0.004 5.912±0.02 5.984±0.043 5.947±0.02 645±56 2.3 1.053
65688 B8 V 4.68±0.77 -14.55±0.65 1.47±0.5 8.345±0.008 8.354±0.01 8.423±0.023 8.467±0.039 8.446±0.02 18±13 20.6 0.324
66454 B8 V 7.91±0.53 -27.27±0.47 -16.95±0.42 5.796±0.003 5.893±0.004 6.085±0.018 6.178±0.039 6.136±0.019 67±23 3.2 0.759
66849 B8.5III 4.17±0.57 -29.6±1.1 -10.3±1 5.353±0.003 5.377±0.003 5.348±0.018 5.379±0.039 5.322±0.017 161±8 3.9 6.265
67472 B2Vnep 6.45±0.16 -24.24±0.14 -18.64±0.08 3.28±0.003 3.46±0.003 3.707±0.211 3.74±0.2 4.006±0.035 19±4 8.7 0.607
67669 B5 III 10.96±0.88 -69.6±1.1 -22.1±1.3 4.4±0.007 4.528±0.007 4.129±0.829 4.946±0.017 4.971±0.027 24±11 4.0 0.347
67703 B8Vnn 12.55±0.79 -37.6±1.1 -27.7±1.1 5.166±0.002 5.25±0.003 5.46±0.018 5.508±0.023 5.514±0.023 41±15 3.2 1.677
68002 B2.5 III 8.54±0.13 -57.37±0.1 -44.55±0.08 2.351±0.004 2.523±0.004 3.022±0.254 3.082±0.211 3.22±0.25 35±3 7.4 0.935
68269 B7 V 9.8±0.19 -49.36±0.21 -29.53±0.15 5.116±0.003 5.201±0.003 5.366±0.018 5.368±0.024 5.38±0.014 20±18 3.2 0.247
69113 B9 V 6.21±0.41 -20.8±1 -18.1±0.9 6.135±0.004 6.177±0.004 6.276±0.017 6.352±0.043 6.311±0.023 230±17 2.8 0.721
69174 B8 V 3.98±0.39 -32.7±0.8 -12.6±0.8 5.921±0.003 5.956±0.003 6.021±0.02 6.076±0.043 6.079±0.023 163±9 3.9 1.593
69491 B5V 3.17±0.36 -18.71±0.3 -11.14±0.23 6.15±0.008 6.094±0.008 6.019±0.02 6.085±0.061 6.002±0.035 88±6 5.0 2.832
69618 B4Ve 6.77±0.24 -23.82±0.22 -20.92±0.18 4.973±0.002 5.045±0.002 5.033±0.017 4.992±0.024 4.765±0.02 24±12 5.0 5.521
69658 B9.5V 13.22±0.21 -45.76±0.27 -12.1±0.16 5.535±0.004 5.527±0.003 5.543±0.017 5.547±0.017 5.552±0.014 1168±51 2.0 0.215
70574 B2 IV 2.99±0.21 -15.6±0.7 -14.2±0.7 4.406±0.004 4.552±0.004 5.078±0.257 4.994±0.039 4.956±0.019 24±2 8.8 0.954
70915 B8 V 6.84±0.41 -37.3±0.9 -29.1±0.9 5.423±0.002 5.5±0.004 5.635±0.019 5.676±0.048 5.65±0.023 158±21 3.2 0.990
71353 B7 V 8.89±0.66 -22.04±0.47 -23.38±0.45 5.804±0.004 5.87±0.004 5.987±0.019 6.008±0.043 6.03±0.019 17±14 3.2 0.738
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71762 B9III- HgMn metallic lines 10.28±0.91 10.6±0.8 16.4±0.8 4.78±0.008 4.875±0.008 4.353 4.195 5.051±0.017 213±34 3.0 0.115
71783 B9.5III 5.27±0.31 -31.84±0.27 -5.93±0.22 5.58±0.003 5.659±0.003 5.775±0.024 5.815±0.03 5.806±0.019 322±16 3.1 0.535
71974 B9.5 V 6.56±0.23 -22.19±0.21 -8.88±0.16 5.706±0.003 5.692±0.004 5.623±0.018 5.609±0.039 5.572±0.02 532±67 2.6 0.308
72154 B9.5V 6.61±0.84 -41.15±0.54 -6.55±0.53 5.665±0.008 5.668±0.007 5.618±0.018 5.618±0.02 5.602±0.017 524±52 2.6 0.145
73111 B8.5 IV 5.91±0.65 -22.6±2 -20.6±1.8 5.727±0.013 5.822±0.009 5.646±0.017 5.767±0.032 5.683±0.017 153±28 3.2 1.721
73865 B8.5 V 6.07±0.49 0.54±0.53 -18.45±0.38 6.631±0.007 6.644±0.008 6.583±0.023 6.625±0.037 6.623±0.023 90±29 2.9 0.382
74750 B0.5V 1.94±0.38 -1.87±0.36 -3.1±0.33 5.658±0.004 5.762±0.004 5.863±0.019 5.929±0.034 5.938±0.023 8±1 12.9 10.387
74911 B7 V 9.72±0.71 -23.3±2.1 -41.4±1.9 4.225±0.004 4.392±0.004 4.513±0.254 4.572±0.211 4.427±0.017 123±13 3.9 2.403
75264 B2 IV/V 6.47±0.61 -17.9±1 -23.4±1.3 3.203±0.002 3.369±0.004 3.987±0.252 3.93±0.233 4.127±0.277 18±3 8.6 1.733
76243 B5 V 8.17±0.58 -33±0.9 -29.4±0.9 5.063±0.004 5.146±0.004 5.324±0.02 5.433±0.037 5.368±0.019 28±12 4.0 0.253
76503 B7IV 5.25±0.35 -10.04±0.36 -23.49±0.33 6.177±0.003 6.188±0.004 6.165±0.019 6.223±0.035 6.184±0.019 97±6 3.9 0.470
76591 B9 V 6.66±0.45 -20.77±0.4 -22.68±0.37 6.52±0.004 6.578±0.004 6.683±0.024 6.738±0.039 6.763±0.026 135±52 2.5 1.248
77227 B8 V 7.25±0.31 -20.8±0.9 -31.1±0.9 5.354±0.004 5.385±0.004 5.396±0.024 5.42±0.027 5.402±0.019 157±14 3.3 0.231
77562 B9 Vn 10.58±0.34 -27.3±0.37 -38.88±0.34 5.71±0.003 5.768±0.004 5.907±0.035 5.922±0.027 5.945±0.028 110±41 2.5 18.070
77634 B9III 16.71±0.27 -7.2±0.7 -28.4±0.7 3.93±0.002 3.956±0.002 4.053±0.266 4.004±0.219 3.99±0.035 209±16 3.1 0.932
77635 B2 V 6.59±0.27 -14.1±0.31 -25.06±0.25 4.568±0.002 4.637±0.003 4.802±0.228 4.86±0.075 4.782±0.02 8±4 7.6 0.565
77840 B2.5 Vn 6.49±0.51 -14.4±0.8 -23.5±0.8 4.578±0.008 4.677±0.008 4.739±0.037 4.814±0.014 4.789±0.017 12±5 7.0 0.573
77900 B7 V 6.32±0.46 -12.54±0.44 -26.19±0.38 6.078±0.004 6.143±0.004 6.234±0.018 6.311±0.032 6.3±0.016 20±18 3.2 0.648
78168 B3.5 IV 7.08±0.33 -9.05±0.4 -23.27±0.32 5.856±0.003 5.836±0.003 5.763±0.02 5.767±0.035 5.734±0.032 9±8 5.0 0.480
78265 B1.5 V 5.57±0.64 -11.42±0.78 -26.83±0.74 2.733±0.002 2.884±0.002 3.464±0.317 3.5±0.275 3.686±0.324 10±2 11.3 0.660
78933 B1 V 6.92±0.26 -8.98±0.23 -23.48±0.16 3.904±0.003 3.944±0.003 4.159±0.282 4.188±0.228 4.008±0.035 7±3 9.6 0.530
78968 B9 V 6.27±1.04 -7.02±0.87 -21.78±0.71 7.926±0.014 7.801±0.014 7.434±0.034 7.456±0.043 7.401±0.023 83±23 2.5 0.465
79005 B9Vnnp lambda Boo 8.9±0.6 -40.7±0.8 -25±0.8 5.768±0.004 5.756±0.004 5.58±0.019 5.577±0.03 5.528±0.017 226±25 2.7 0.376
79031 B8V 8.37±0.41 -14.7±1.1 -24.7±1.1 6.275±0.004 6.311±0.004 6.379±0.017 6.436±0.028 6.433±0.017 120±42 3.2 0.676
79098 B9IV 7.35±0.31 -9.5±0.7 -26±0.7 5.881±0.004 5.854±0.004 5.736±0.02 5.741±0.035 5.706±0.017 231±12 3.0 0.659
79153 B9.5V 11.65±0.57 -13.47±0.42 -59.41±0.41 5.551±0.002 5.568±0.002 5.63±0.029 5.587±0.027 5.599±0.016 523±202 2.0 6.538
79199 B8 V 8±0.32 -25.32±0.43 -44.92±0.37 5.423±0.003 5.497±0.003 5.64±0.017 5.656±0.035 5.649±0.019 121±35 3.2 1.331
79230 B3 Vne 3.61±1.06 -5.2±1.1 -6.4±1.2 7.218±0.004 7.107±0.007 6.494±0.019 6.413±0.039 6.242±0.023 9±3 7.4 2.516
79399 B9 III/IV 10.75±0.8 -24.8±1 -44.5±1.1 5.736±0.008 5.756±0.008 5.656±0.023 5.644±0.037 5.599±0.017 114±40 2.6 0.917
79404 B2 V 6.81±0.16 -10.39±0.17 -23.98±0.14 4.427±0.002 4.572±0.002 4.98±0.25 5.01±0.028 4.975±0.027 5±4 7.0 0.872
79410 B9Van 7.12±1.13 -9.86±0.85 -23.8±0.66 7.789±0.014 7.64±0.017 7.173±0.024 7.171±0.057 7.071±0.028 84±24 2.5 0.520
79622 B7IV 6.72±0.4 -9.64±0.34 -21.83±0.3 6.089±0.003 6.052±0.004 5.86±0.023 5.903±0.037 5.822±0.024 64±7 3.6 0.756
79653 B8 V 8.46±0.26 -36.9±0.9 -47.8±0.9 5.022±0.002 5.126±0.002 5.393±0.037 5.449±0.026 5.422±0.027 159±24 3.2 11.951
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79739 B8V 6.66±0.9 -13.7±1.6 -24.9±1.6 8.14±0.01 7.926±0.009 7.239±0.018 7.173±0.035 7.025±0.017 121±46 3.2 0.758
79771 B9 V 6.16±0.76 -10.8±0.71 -23.43±0.59 8.71±0.014 8.392±0.014 7.324±0.018 7.19±0.028 7.098±0.02 93±28 2.5 0.796
80066 B9 V 7.1±0.43 -13.7±0.48 -45.02±0.38 6.045±0.004 6.105±0.004 6.228±0.02 6.315±0.027 6.289±0.02 218±55 2.5 3.076
80126 B8Vnn 6.64±0.57 -10.78±0.51 -25.4±0.43 7.192±0.004 7.041±0.007 6.565±0.039 6.506±0.028 6.418±0.02 76±24 3.2 0.716
80142 B7 V 7.29±0.49 -13.21±0.41 -23±0.36 6.462±0.004 6.499±0.004 6.583±0.02 6.644±0.035 6.618±0.026 16±12 3.2 22.021
80461 B3 V 8.01±0.8 -6.9±1.1 -23.4±1.2 7.046±0.007 6.77±0.007 5.696±0.024 5.551±0.034 5.427±0.023 15±6 5.1 0.699
80473 B2.5 V 9.03±0.9 35.1±4.1 -31.9±4 5.151±0.009 4.977±0.008 3.569±0.287 3.348±0.252 3.173±0.518 22±4 7.8 0.701
80474 B7V 7.4±0.59 -10.5±1.1 -26.6±1.2 7.548±0.008 7.26±0.008 6.107±0.019 5.921±0.037 5.775±0.02 21±16 3.2 0.705
80493 B9 V 7.43±0.89 -10.3±1.3 -22.3±1.3 8.317±0.009 8.085±0.009 7.297±0.019 7.175±0.046 7.076±0.017 76±18 2.5 1.187
81472 B2 V 5.2±0.77 -12.6±0.9 -20.3±0.9 5.798±0.007 5.842±0.008 5.863±0.024 5.908±0.034 5.933±0.023 5±3 7.0 13.850
81474 B9.5 IV 7.4±0.55 -13.09±0.48 -20.21±0.43 6.992±0.004 6.734±0.008 5.895±0.023 5.782±0.039 5.69±0.017 566±31 2.5 0.732
81972 B3 V 6.11±0.31 -11.46±0.3 -20.94±0.25 5.578±0.008 5.636±0.007 5.811±0.018 5.848±0.034 5.842±0.017 15±11 5.5 11.098
82902 B9 V 8.61±0.4 -34.83±0.51 -42.91±0.39 5.864±0.004 5.929±0.004 6.068±0.026 6.118±0.03 6.144±0.024 189±70 2.5 5.274
83336 B8 V 7.29±0.45 -9.8±0.7 -50.5±0.6 4.928±0.004 5.015±0.004 5.19±0.02 5.284±0.035 5.256±0.017 150±11 3.5 10.073
85442 B9.5III 4.42±0.43 -8.5±0.8 -31.7±0.8 5.994±0.004 5.98±0.004 5.808±0.023 5.847±0.027 5.782±0.017 333±17 3.1 31.669
85727 B7V 16.48±0.34 -56.8±0.9 -100±0.8 3.506±0.002 3.589±0.002 3.697±0.231 3.651±0.224 3.71±0.197 92±7 4.0 1.214
85755 B9.5IIIe 8.04±0.24 2.6±0.5 -25.8±0.5 4.813±0.003 4.789±0.003 4.9±0.186 4.711±0.206 4.296±0.028 324±12 3.1 20.299
85783 B9 II/III 8.36±0.67 -3.1±0.8 -23.9±0.8 6.002±0.108 5.992±0.068 6.152±0.023 6.196±0.037 6.151±0.017 127±35 2.5 28.532
87163 B4IV 2.69±0.38 -1.1±0.44 -5.21±0.32 6.425±0.008 6.317±0.008 5.908±0.032 5.848±0.032 5.861±0.024 52±5 6.3 35.478
87220 B8III-IV 5.86±0.26 5.47±0.33 -9.09±0.23 4.769±0.003 4.803±0.004 4.481±0.197 4.785±0.028 4.752±0.017 169±5 4.0 30.731
88012 B3 II/III 1.8±0.41 -1.62±0.46 -4.87±0.24 5.914±0.01 5.978±0.007 6.114±0.019 6.181±0.026 6.151±0.02 46±4 6.5 36.907
88149 B2Ve 5.01±0.26 1.34±0.29 -12.69±0.18 4.685±0.004 4.776±0.007 4.986±0.017 5.078±0.061 5.03±0.024 13±2 8.1 1.158
88859 B8 III 3.68±0.6 0.4±1.2 -19.1±1.1 6.067±0.003 6.156±0.004 6.297±0.024 6.361±0.048 6.328±0.023 149±22 3.9 1.910
89684 B9V 4.94±0.39 -3.26±0.34 2.4±0.27 6.236±0.003 6.232±0.003 6.092±0.018 6.138±0.02 6.122±0.016 298±22 3.1 0.823
89956 B9Iaep 1.85±1.29 1.28±0.99 -0.57±0.75 9.562±0.032 8.243±0.016 4.596±0.261 – 3.51±0.263 220±10 3.4 27.790
89963 B6Iap 2.52±1.1 0±0.85 -0.41±0.63 9.692±0.037 8.44±0.019 5.136±0.273 4.537±0.075 4.105±0.293 113±7 4.5 27.730
89977 B2.5Ve 3.08±0.62 -0.37±0.51 -10.75±0.49 6.102±0.004 6.144±0.004 6.127±0.026 6.171±0.03 6.156±0.026 16±3 7.1 1.979
90096 B8Ve 5.3±0.37 -8.49±0.3 -18.34±0.23 5.716±0.004 5.702±0.004 5.605±0.018 5.592±0.034 5.526±0.02 160±9 3.9 28.865
90336 B7 III 3.67±0.66 0.33±0.65 -11.02±0.51 6.236±0.004 6.303±0.008 6.35±0.017 6.401±0.039 6.403±0.019 124±20 3.9 4.259
90766 B9IVn 4.61±0.78 -2.9±1.5 -0.5±1.5 7.796±0.008 7.816±0.009 7.769±0.017 7.809±0.017 7.807±0.017 98±30 2.5 0.584
91014 B2 III/IV 2.47±0.25 1.91±0.25 -10.73±0.18 5.164±0.002 5.276±0.002 5.479±0.063 5.553±0.041 5.537±0.023 24±2 8.7 3.286
93368 B9V 23.39±6.47 8.4±3.3 -29.3±3.3 6.671±0.007 6.669±0.008 6.718±0.026 6.777±0.028 6.739±0.02 138±13 7.0 0.998
93371 B9V 12.92±3.91 -5.45±3.01 -20.61±2.49 6.395±0.008 6.388±0.008 6.331±0.023 6.333±0.039 6.263±0.019 121±65 2.5 0.998
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HIP Spectrala Plx µα cos δ µδ B V J H K Age ≈Mass 2MASS sources
c
type (mas) (mas/yr) (mas/yr) (mag) (mag) (mag) (mag) (mag) (Myr) (M⊙) (arcmin−2)
93542 B9.5Vann 16.89±0.28 56.41±0.27 -46.39±0.19 4.719±0.004 4.73±0.002 4.717±0.208 4.96±0.075 4.752±0.019 1167±48 2.0 0.802
93805 B9IV 26.37±0.64 -18.69±0.63 -91.02±0.44 3.352±0.002 3.427±0.002 3.522±0.303 3.476±0.272 3.563±0.289 147±35 2.7 4.437
93892 B9 II 3.25±0.67 -2.8±0.9 -13.9±1.1 6.599±0.004 6.55±0.004 6.347±0.02 6.38±0.028 6.348±0.02 230±29 3.2 8.619
93996 B2Ve 2.52±0.33 5.14±0.39 -0.25±0.26 5.486±0.004 5.568±0.004 5.392±0.019 5.386±0.034 5.313±0.017 20±2 9.2 1.778
95347 B8Vs 17.94±0.22 33.1±0.8 -120.7±0.8 3.865±0.004 3.95±0.004 4.172±0.247 4.195±0.208 4.195±0.035 101±36 3.2 0.613
97607 B2IVe 1.89±0.45 -1.3±0.8 -2.6±0.8 6.401±0.003 6.482±0.004 6.116±0.02 6.074±0.041 5.967±0.019 23±2 8.5 1.769
99457 B0 I 1.4±0.44 0.98±0.47 -1.75±0.48 6.295±0.004 6.448±0.007 6.793±0.024 6.933±0.034 6.947±0.024 12±2 10.9 0.586
100751 B3V 18.24±0.52 6.9±0.44 -86.02±0.32 1.799±0.007 1.917±0.006 2.303±0.312 2.457±0.217 2.479±0.282 32±12 6.4 0.291
100881 B8II 5.98±0.58 11±0.5 -12.2±0.4 5.103±0.004 5.15±0.004 5.164±0.023 5.217±0.023 5.21±0.017 160±7 3.9 0.399
102157 B9.5III 4.15±0.27 9.14±0.15 -23.76±0.19 5.079±0.001 5.138±0.001 5.223±0.037 5.218±0.017 5.168±0.023 186±16 3.9 0.281
105164 B5 V 3.21±0.28 12.05±0.29 12.99±0.2 5.699±0.004 5.817±0.004 6.039±0.018 6.166±0.034 6.139±0.03 87±11 5.0 0.277
105842 B9.5V 3.89±1.27 7.7±1.4 -4.2±1.5 8.904±0.01 8.911±0.013 8.906±0.027 8.93±0.046 8.956±0.034 358±184 1.8 0.234
108874 B7 III 7.49±0.23 24.69±0.22 -11.16±0.14 4.678±0.017 4.767±0.009 4.864±0.184 4.809±0.03 4.66±0.016 155±23 4.0 0.197
109139 B8V 18.62±0.22 39.9±0.4 -57.7±0.4 4.221±0.003 4.28±0.003 4.376±0.272 4.58±0.075 4.431±0.014 50±14 3.2 0.171
110672 B1III-IVe 4.17±0.28 17.76±0.24 2.39±0.18 4.631±0.003 4.797±0.003 5.304±0.037 5.364±0.048 5.35±0.019 8±3 9.3 0.180
112542 B9 III 10.27±0.46 30.64±0.4 -9.33±0.3 5.665±0.003 5.676±0.004 5.745±0.019 5.785±0.039 5.727±0.019 110±45 2.5 0.136
112781 B5/7V 6.62±0.19 19.99±0.21 -12.18±0.17 5.195±0.002 5.316±0.002 5.668±0.043 5.649±0.027 5.65±0.019 87±10 4.0 0.278
113031 B7 III 3.95±0.4 22±0.7 2±0.6 5.714±0.004 5.782±0.004 5.899±0.017 5.962±0.02 5.925±0.019 156±20 4.1 0.134
113889 B6Ve 7.99±0.22 11.88±0.21 -9.75±0.21 4.38±0.003 4.487±0.003 4.763±0.037 4.808±0.026 4.75±0.019 98±13 4.0 0.150
116231 B9.5IIIpHgMnSi 18.74±0.15 89.8±0.7 33.2±0.7 4.29±0.002 4.37±0.002 4.477±0.256 4.669±0.039 4.611±0.027 847±339 2.4 0.116
117089 B8.5Vnn 8.61±0.54 27.23±0.62 -2.94±0.55 5.16±0.003 5.236±0.003 5.381±0.019 5.42±0.032 5.381±0.02 143±28 3.1 0.108
117315 B3Ve 5.4±0.25 9.04±0.19 -23.21±0.17 5.006±0.002 5.166±0.002 5.533±0.017 5.644±0.028 5.675±0.026 15±10 5.9 0.120
117629 B6.5V 10.23±0.31 26.82±0.38 -4.27±0.3 5.059±0.004 5.178±0.004 5.415±0.024 5.506±0.017 5.505±0.017 41±39 4.0 0.107
120402 B9III 2.98±1.46 -3.2±3.24 7.25±3.24 8.331±0.013 8.35±0.012 8.328±0.019 8.364±0.028 8.368±0.018 107±42 2.6 0.713
Notes. The age estimates and associated errors are rounded to nearest integer value.
aMost recent spectral type as given in the Catalogue of Stellar Classifications (Skiff 2014)
bHIP 3678 is a white dwarf and the central star of the planetary nebula NGC 246, a hierarchical triple found in this study.
The actual suggested spectral type of HIP 3678A is PG1159 (Lamontagne et al. 2000).











Table A2. Observation log and astrometric calibration results of the investigated target sample.
HIP MJD Observation Programme ID PI Exposure time Filter Camera FWHM Pixel scale Orientation Methoda
(days) date (s) (mas) (mas/pixel) (degree)
145 53349.04 2004-12-10 074.D-0180(A) IVANOV 2.5×10×21 IB2.18 S27 74.1 27.110±0.021 -0.020±0.046 A
53690.07 2005-11-16 076.C-0170(A) HUBRIG 1.8×40×10 K s S13 76.6 13.266±0.023 -0.013±0.097 A
377 53698.02 2005-11-24 076.D-0108(A) IVANOV 0.3454×149×9 K s S27 82.0 27.144±0.032 -0.009±0.060 A
1191 53698.05 2005-11-24 076.D-0108(A) IVANOV 0.3454×149×9 K s S27 74.8 27.161±0.040 0.042±0.088 A
1830 53284.15 2004-10-06 074.D-0374(A) HUBRIG 10.0×5×20 K s S13 70.1 13.261±0.014 -0.000±0.057 A
2548 53710.05 2005-12-06 076.D-0108(A) IVANOV 1.0×50×9 K s S27 80.8 27.174±0.042 -0.029±0.092 A
54359.25 2007-09-16 080.D-0348(A) IVANOV 1.0×51×9 K s S27 85.7 27.160±0.055 0.017±0.115 A
3678 53331.09 2004-11-22 074.D-0315(A) POLLACCO 6.1×20×5 K s S13 75.7 13.269±0.066 -0.003±0.295 A
54265.40 2007-06-14 079.D-0546(A) WERNER 40.0×5×15 K s S27 97.1 27.136±0.063 -0.050±0.132 A
3741 53710.07 2005-12-06 076.D-0108(A) IVANOV 1.0×50×9 K s S27 79.5 27.127±0.038 -0.038±0.081 A
5778 53285.21 2004-10-07 074.D-0374(A) HUBRIG 6.0×9×20 K s S13 72.4 13.263±0.020 0.007±0.084 A
10602 53710.10 2005-12-06 076.C-0170(A) HUBRIG 0.65×200×10 K s S13 83.2 13.276±0.019 -0.049±0.076 A
53712.09 2005-12-08 076.C-0170(A) HUBRIG 0.65×200×10 K s S13 70.1 13.264±0.019 -0.030±0.079 A
13951 53358.10 2004-12-19 074.D-0180(A) IVANOV 0.3454×149×9 K s S27 84.5 27.092±0.040 -0.023±0.086 A
54370.30 2007-09-27 080.D-0348(A) IVANOV 2.0×26×9 K s S27 89.3 27.140±0.045 -0.006±0.097 A
14131 53284.28 2004-10-06 074.D-0374(A) HUBRIG 3.8×4×64 K s S13 78.0 13.257±0.003 0.002±0.012 A
54357.39 2007-09-14 080.D-0348(A) IVANOV 1.0×51×13 K s S27 96.0 27.144±0.012 0.013±0.026 A
15627 54024.21 2006-10-16 078.D-0639(A) BOUY 4.4×12×128 H SDI 76.5 17.250±0.060 0.000±0.500 U
16511 53376.05 2005-01-06 074.D-0374(A) HUBRIG 3.8×13×20 K s S13 73.8 13.264±0.013 -0.012±0.054 A
53700.14 2005-11-26 076.C-0170(A) HUBRIG 1.0×60×10 K s S13 69.1 13.287±0.026 -0.013±0.121 A
55798.41 2011-08-25 087.D-0197(A) SCHOELLER 15.0×4×16 K s S13 85.8 13.268±0.015 0.045±0.065 A
16803 53379.10 2005-01-09 074.D-0180(A) IVANOV 10.0×5×12 IB2.18 S27 90.4 27.104±0.032 -0.013±0.066 A
54363.35 2007-09-20 080.D-0348(A) IVANOV 10.0×5×9 IB2.18 S27 126.7 27.151±0.043 0.009±0.089 A
54373.25 2007-09-30 080.D-0348(A) IVANOV 10.0×5×15 IB2.18 S27 86.3 27.140±0.024 0.003±0.050 A
17563 53380.09 2005-01-10 074.D-0180(A) IVANOV 10.0×5×13 IB2.18 S27 83.3 27.094±0.031 -0.003±0.066 A
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HIP MJD Observation Programme ID PI Exposure time Filter Camera FWHM Pixel scale Orientation Methoda
(days) date (s) (mas) (mas/pixel) (degree)
17921 53700.19 2005-11-26 076.C-0170(A) HUBRIG 1.0×60×10 K s S13 74.4 13.277±0.022 0.016±0.098 A
53728.11 2005-12-24 076.C-0170(A) HUBRIG 0.6×100×10 K s S13 73.6 13.265±0.023 0.001±0.098 A
18213 53379.12 2005-01-09 074.D-0180(A) IVANOV 5.0×10×9 IB2.18 S27 82.7 27.169±0.034 -0.004±0.072 A
54357.37 2007-09-14 080.D-0348(A) IVANOV 5.0×10×11 IB2.18 S27 83.3 27.169±0.034 -0.004±0.072 A
18788 53683.27 2005-11-09 076.D-0108(A) IVANOV 5.0×10×9 IB2.18 S27 78.8 27.168±0.041 -0.022±0.085 A
54363.36 2007-09-20 080.D-0348(A) IVANOV 10.0×5×9 IB2.18 S27 162.5 27.147±0.040 -0.009±0.080 A
54370.34 2007-09-27 080.D-0348(A) IVANOV 10.0×5×9 IB2.18 S27 92.7 27.138±0.044 -0.018±0.093 A
19720 54024.32 2006-10-16 078.D-0639(A) BOUY 13.0×4×128 H SDI 125.7 17.250±0.060 0.000±0.500 U
19860 54059.19 2006-11-20 078.D-0639(A) BOUY 1.0×53×128 H SDI 82.8 17.250±0.060 0.000±0.500 U
20020 53347.15 2004-12-08 074.D-0180(A) IVANOV 0.3454×149×9 K s S27 88.1 27.095±0.025 0.003±0.057 A
54363.37 2007-09-20 080.D-0348(A) IVANOV 0.3454×148×9 K s S27 165.6 27.155±0.043 0.006±0.083 A
54373.29 2007-09-30 080.D-0348(A) IVANOV 4.0×13×18 K s S27 96.0 27.148±0.012 -0.008±0.027 A
20042 53690.20 2005-11-16 076.C-0170(A) HUBRIG 0.5×120×20 K s S13 79.6 13.269±0.013 -0.013±0.054 A
56189.19 2012-09-19 089.D-0366(A) ADAM 0.5×120×6 K s S13 80.2 13.273±0.011 0.679±0.046 C
20171 53404.04 2005-02-03 074.D-0374(A) HUBRIG 3.8×13×20 K s S13 70.3 13.274±0.014 -0.025±0.058 A
20554 53266.31 2004-09-18 60.A-9026(A) NACO TEAM 1.0×10×5 IB2.06 S27 153.6 27.206±0.020 -0.190±0.116 A
20804 53409.03 2005-02-08 074.D-0374(A) HUBRIG 3.8×13×15 K s S13 81.9 13.265±0.018 0.015±0.078 A
56189.33 2012-09-19 089.D-0366(A) ADAM 5.0×12×5 K s S13 86.1 13.273±0.011 0.679±0.046 C
56296.08 2013-01-04 090.D-0038(A) SCHOELLER 6.0×8×20 K s S13 77.2 13.263±0.013 -0.027±0.054 A
21177 54096.13 2006-12-27 078.D-0639(A) BOUY 17.5×6×128 H SDI 83.7 17.250±0.060 0.000±0.500 U
21192 53413.07 2005-02-12 074.D-0180(A) IVANOV 0.3454×149×9 K s S27 89.3 27.154±0.042 -0.014±0.087 A
21640 54131.05 2007-01-31 078.D-0639(A) BOUY 5.0×3×96 H SDI 77.7 17.250±0.060 0.000±0.500 U
21735 53404.07 2005-02-03 074.D-0374(A) HUBRIG 2.4×22×20 K s S13 69.8 13.270±0.012 -0.013±0.055 A
56189.28 2012-09-19 089.D-0366(A) ADAM 6.0×10×4 K s S13 106.3 13.291±0.126 -0.233±0.525 A
21949 53379.14 2005-01-09 074.D-0180(A) IVANOV 2.0×26×9 K s S27 83.3 27.100±0.017 -0.003±0.035 A
53415.05 2005-02-14 074.D-0180(A) IVANOV 0.3454×149×9 K s S27 82.0 27.139±0.018 0.013±0.036 A
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22913 53409.05 2005-02-08 074.D-0374(A) HUBRIG 3.8×13×20 K s S13 80.6 13.279±0.013 -0.038±0.055 A
23419 53470.97 2005-04-10 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 75.7 13.240±0.083 0.130±0.379 A
23745 54128.05 2007-01-28 078.D-0639(A) BOUY 17.4×3×128 H SDI 79.2 17.250±0.060 0.000±0.500 U
23794 53286.34 2004-10-08 074.D-0374(A) HUBRIG 4.8×11×20 K s S13 84.7 13.261±0.030 -0.020±0.130 A
56296.10 2013-01-04 090.D-0038(A) SCHOELLER 4.5×10×20 K s S13 73.3 13.275±0.013 -0.026±0.058 A
24196 53347.21 2004-12-08 074.D-0374(A) HUBRIG 10.0×5×21 K s S13 69.4 13.243±0.019 0.025±0.081 A
24244 55173.23 2009-12-08 084.C-0364(A) VOGT 0.347×126×41 K s S13 68.5 13.271±0.039 0.006±0.178 A
24305 53374.16 2005-01-04 074.D-0374(A) HUBRIG 0.5×100×20 K s S13 83.4 13.265±0.014 0.027±0.061 A
56269.31 2012-12-08 090.D-0038(A) SCHOELLER 1.0×45×20 K s S13 70.0 13.269±0.013 -0.000±0.057 A
24505 53284.40 2004-10-06 074.D-0180(A) IVANOV 1.0×50×7 IB2.18 S27 83.3 27.116±0.107 0.025±0.235 A
53415.06 2005-02-14 074.D-0180(A) IVANOV 1.0×50×9 IB2.18 S27 78.2 27.148±0.040 0.009±0.088 A
24552 52959.32 2003-11-16 072.C-0624(B) MOUILLET 10.0×6×30 K s S27 517.3 27.053±0.019 0.000±0.500 U
24740 53700.23 2005-11-26 076.C-0170(A) HUBRIG 2.4×25×10 K s S13 73.9 13.296±0.022 -0.014±0.093 A
24825 53471.97 2005-04-11 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 70.5 13.255±0.085 0.008±0.383 A
56189.40 2012-09-19 089.D-0366(A) ADAM 5.0×12×5 K s S13 70.1 13.273±0.011 0.679±0.046 C
24925 53379.16 2005-01-09 074.D-0374(A) HUBRIG 6.0×9×20 K s S13 69.6 13.255±0.018 0.019±0.075 A
56189.34 2012-09-19 089.D-0366(A) ADAM 6.0×10×5 K s S13 82.6 13.273±0.011 0.679±0.046 C
56296.12 2013-01-04 090.D-0038(A) SCHOELLER 10.0×5×20 K s S13 72.2 13.270±0.013 -0.002±0.058 A
25365 53380.14 2005-01-10 074.D-0374(A) HUBRIG 25.0×2×22 K s S13 75.3 13.249±0.013 0.028±0.056 A
56189.30 2012-09-19 089.D-0366(A) ADAM 5.0×6×5 K s S13 134.1 13.273±0.011 0.679±0.046 C
25657 54097.21 2006-12-28 078.D-0639(A) BOUY 52.2×1×128 H SDI 103.0 17.250±0.060 0.000±0.500 U
56189.31 2012-09-19 089.D-0366(A) ADAM 15.0×4×5 K s S13 275.2 17.250±0.060 0.000±0.500 U
26215 53348.20 2004-12-09 074.D-0374(A) HUBRIG 4.0×6×34 K s S13 77.0 13.252±0.008 -0.012±0.033 A
26235 54452.07 2007-12-18 080.D-0532(A) BOUY 1.0×30×128 H SDI 63.6 17.250±0.060 0.000±0.500 U
26237 53469.98 2005-04-09 075.C-0475(A) OUDMAIJER 0.35×35×5 NB2.17 S13 74.9 13.241±0.098 0.093±0.426 A
56189.39 2012-09-19 089.D-0366(A) ADAM 2.0×30×5 K s S13 71.0 13.273±0.011 0.679±0.046 C
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26545 53409.08 2005-02-08 074.D-0180(A) IVANOV 0.3454×149×9 K s S27 81.4 27.148±0.032 -0.062±0.066 A
26551 53289.40 2004-10-11 074.C-0084(B) NEUHAEUSER 0.3×100×4 K s S27 72.0 27.098±0.070 -0.026±0.152 A
26602 53434.07 2005-03-05 60.A-9026(A) NACO TEAM 3.0×2×0 K s S27 121.3 27.053±0.019 0.000±0.500 U
56189.38 2012-09-19 089.D-0366(A) ADAM 8.0×7×5 K s S13 71.2 13.273±0.011 0.679±0.046 C
26634 53455.99 2005-03-26 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 68.5 13.275±0.193 -0.039±0.801 A
26836 53728.16 2005-12-24 076.C-0170(A) HUBRIG 0.9×67×10 K s S13 68.7 13.266±0.023 -0.012±0.100 A
56189.37 2012-09-19 089.D-0366(A) ADAM 10.0×6×5 K s S13 82.0 13.256±0.089 0.070±0.370 A
26868 53375.15 2005-01-05 074.D-0180(A) IVANOV 1.0×50×9 IB2.18 S27 84.5 27.116±0.035 0.004±0.071 A
27265 53738.15 2006-01-03 076.C-0170(A) HUBRIG 1.0×60×10 K s S13 69.4 13.273±0.023 -0.025±0.102 A
27534 53380.11 2005-01-10 074.D-0180(A) IVANOV 5.0×10×9 IB2.18 S27 82.7 27.117±0.022 0.042±0.051 A
27566 53733.20 2005-12-29 076.D-0108(A) IVANOV 5.0×10×9 IB2.18 S27 83.9 27.156±0.011 -0.013±0.019 A
27810 53454.00 2005-03-25 075.C-0475(A) OUDMAIJER 0.35×35×5 NB2.17 S13 68.5 13.297±0.094 -0.054±0.378 A
28691 53348.24 2004-12-09 074.D-0374(A) HUBRIG 2.4×22×20 K s S13 81.4 13.257±0.012 -0.040±0.053 A
28744 53456.00 2005-03-27 075.C-0475(A) OUDMAIJER 0.35×35×5 NB2.17 S13 68.9 13.269±0.076 -0.041±0.339 A
56189.32 2012-09-19 089.D-0366(A) ADAM 5.0×6×6 K s S13 87.0 13.273±0.011 0.679±0.046 C
28992 53454.01 2005-03-25 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 68.4 13.297±0.089 0.147±0.385 A
29134 53690.27 2005-11-16 076.D-0108(A) IVANOV 5.0×10×9 IB2.18 S27 85.7 27.143±0.020 -0.010±0.039 A
54373.32 2007-09-30 080.D-0348(A) IVANOV 10.0×5×18 IB2.18 S27 105.7 27.146±0.010 0.007±0.020 A
54387.27 2007-10-14 080.D-0348(A) IVANOV 20.0×3×19 IB2.18 S27 158.6 27.153±0.014 0.017±0.029 A
54407.33 2007-11-03 080.D-0348(A) IVANOV 1.0×50×11 IB2.18 S27 104.3 27.156±0.018 0.004±0.035 A
54408.30 2007-11-04 080.D-0348(A) IVANOV 1.0×50×9 IB2.18 S27 147.1 27.140±0.025 0.034±0.058 A
29401 53741.18 2006-01-06 076.C-0170(A) HUBRIG 2.0×30×10 K s S13 69.4 13.279±0.024 0.015±0.105 A
56269.32 2012-12-08 090.D-0038(A) SCHOELLER 10.0×5×20 K s S13 69.8 13.268±0.013 0.028±0.056 A
29728 53470.97 2005-04-10 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 71.2 13.274±0.112 0.272±0.471 A
56189.36 2012-09-19 089.D-0366(A) ADAM 6.0×10×6 K s S13 77.5 13.273±0.011 0.679±0.046 C
29941 53454.02 2005-03-25 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 67.1 13.277±0.089 -0.037±0.377 A
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30143 53459.02 2005-03-30 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 70.3 13.274±0.081 -0.090±0.369 A
30180 54056.30 2006-11-17 078.D-0639(A) BOUY 17.4×3×128 H SDI 72.5 17.250±0.060 0.000±0.500 U
30468 53471.98 2005-04-11 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 72.2 13.293±0.076 0.042±0.315 A
30493 56189.39 2012-09-19 089.D-0366(A) ADAM 10.0×3×5 K s S13 74.9 13.273±0.011 0.679±0.046 C
30772 53472.98 2005-04-12 075.C-0475(A) OUDMAIJER 0.35×35×5 NB2.17 S13 72.1 13.244±0.099 -0.112±0.428 A
30867 53469.98 2005-04-09 075.C-0475(A) OUDMAIJER 0.35×35×5 NB2.17 S13 74.9 13.264±0.102 -0.226±0.452 A
56189.32 2012-09-19 089.D-0366(A) ADAM 3.0×10×5 K s S13 85.3 13.273±0.011 0.679±0.046 C
31137 53470.98 2005-04-10 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 78.9 13.229±0.073 0.029±0.283 A
56189.35 2012-09-19 089.D-0366(A) ADAM 5.0×10×6 K s S13 106.0 13.273±0.011 0.679±0.046 C
31190 53471.98 2005-04-11 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 72.1 13.285±0.081 -0.088±0.349 A
31278 54056.35 2006-11-17 078.D-0639(A) BOUY 2.0×26×128 H SDI 72.4 17.250±0.060 0.000±0.500 U
31959 54470.13 2008-01-05 080.D-0532(A) BOUY 36.0×1×128 H SDI 70.8 17.250±0.060 0.000±0.500 U
56266.10 2012-12-05 090.C-0448(A) VOGT 1.5×40×7 K s S13 70.1 13.265±0.072 0.154±0.303 A
32417 53072.02 2004-03-08 60.A-9026(A) NACO TEAM 0.5×40×4 NB2.17 S13 73.8 13.221±0.017 0.000±0.500 U
32753 53404.10 2005-02-03 074.D-0374(A) HUBRIG 3.8×13×20 K s S13 68.7 13.267±0.015 -0.029±0.063 A
32823 54458.27 2007-12-24 080.D-0532(A) BOUY 50.0×1×128 H SDI 61.0 17.250±0.060 0.000±0.500 U
32827 53507.96 2005-05-17 075.C-0475(A) OUDMAIJER 3.0×4×5 NB2.17 S13 76.4 13.245±0.095 0.089±0.406 A
32912 53733.23 2005-12-29 076.D-0108(A) IVANOV 5.0×10×9 IB2.18 S27 76.8 27.156±0.019 -0.003±0.036 A
33211 54476.20 2008-01-11 080.D-0532(A) BOUY 45.0×1×128 H SDI 59.6 17.250±0.060 0.000±0.500 U
33276 54481.10 2008-01-16 080.D-0532(A) BOUY 47.0×1×160 H SDI 70.6 17.250±0.060 0.000±0.500 U
33343 54483.02 2008-01-18 080.D-0532(A) BOUY 46.0×1×128 H SDI 60.3 17.250±0.060 0.000±0.500 U
33611 54485.18 2008-01-20 080.D-0532(A) BOUY 8.0×4×128 H SDI 66.6 17.250±0.060 0.000±0.500 U
33650 53731.31 2005-12-27 076.C-0170(A) HUBRIG 0.75×80×10 K s S13 75.7 13.271±0.021 0.058±0.092 A
33769 54421.35 2007-11-17 080.D-0532(A) BOUY 19.0×1×128 H SDI 78.4 17.250±0.060 0.000±0.500 U
33814 54477.22 2008-01-12 080.D-0532(A) BOUY 40.0×1×128 H SDI 72.7 17.250±0.060 0.000±0.500 U
33846 54485.20 2008-01-20 080.D-0532(A) BOUY 6.6×4×128 H SDI 61.0 17.250±0.060 0.000±0.500 U
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34041 54497.14 2008-02-01 080.D-0532(A) BOUY 6.0×4×128 H SDI 59.4 17.250±0.060 0.000±0.500 U
34045 53408.13 2005-02-07 074.D-0374(A) HUBRIG 0.9×55×15 K s S13 71.2 13.261±0.017 0.021±0.076 A
56298.14 2013-01-06 090.D-0038(A) SCHOELLER 2.0×22×20 K s S13 69.1 13.270±0.020 0.056±0.087 A
34153 54499.15 2008-02-03 080.D-0532(A) BOUY 35.0×1×128 H SDI 63.6 17.250±0.060 0.000±0.500 U
34281 54499.02 2008-02-03 080.D-0532(A) BOUY 53.0×1×128 H SDI 67.8 17.250±0.060 0.000±0.500 U
34338 53408.16 2005-02-07 074.D-0374(A) HUBRIG 6.0×9×20 K s S13 73.4 13.279±0.014 0.052±0.058 A
56296.21 2013-01-04 090.D-0038(A) SCHOELLER 10.0×5×20 K s S13 70.1 13.259±0.014 -0.027±0.060 A
34579 53507.97 2005-05-17 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 74.8 13.280±0.091 -0.113±0.416 A
34758 53413.19 2005-02-12 074.D-0180(A) IVANOV 0.3454×149×9 K s S27 97.6 27.151±0.041 -0.027±0.086 A
54425.35 2007-11-21 080.D-0348(A) IVANOV 1.0362×49×9 K s S27 80.8 27.145±0.040 0.005±0.082 A
34898 54482.23 2008-01-17 080.D-0532(A) BOUY 28.0×1×128 H SDI 62.0 17.250±0.060 0.000±0.500 U
34968 54497.08 2008-02-01 080.D-0532(A) BOUY 31.6×1×128 H SDI 61.5 17.250±0.060 0.000±0.500 U
35037 53470.99 2005-04-10 075.C-0475(A) OUDMAIJER 0.35×36×5 NB2.17 S13 78.9 13.255±0.074 0.097±0.314 A
35110 54497.11 2008-02-01 080.D-0532(A) BOUY 24.0×1×128 H SDI 67.9 17.250±0.060 0.000±0.500 U
35168 54481.16 2008-01-16 080.D-0532(A) BOUY 34.8×1×128 H SDI 107.8 17.250±0.060 0.000±0.500 U
35267 54482.26 2008-01-17 080.D-0532(A) BOUY 27.4×1×128 H SDI 61.7 17.250±0.060 0.000±0.500 U
35413 54477.30 2008-01-12 080.D-0532(A) BOUY 48.0×1×128 H SDI 71.7 17.250±0.060 0.000±0.500 U
35920 54481.22 2008-01-16 080.D-0532(A) BOUY 21.0×1×128 H SDI 134.0 17.250±0.060 0.000±0.500 U
35951 53454.04 2005-03-25 075.C-0475(A) OUDMAIJER 0.35×35×5 NB2.17 S13 67.6 13.266±0.109 0.135±0.459 A
36009 54477.26 2008-01-12 080.D-0532(A) BOUY 30.0×1×128 H SDI 79.2 17.250±0.060 0.000±0.500 U
36345 54839.34 2009-01-08 482.L-0802(A) FORVEILLE 0.6×20×12 NB2.12 S27 75.4 27.053±0.019 0.000±0.500 U
36363 53384.19 2005-01-14 074.D-0180(A) IVANOV 1.0×50×9 IB2.18 S27 82.0 27.094±0.063 0.020±0.140 A
54427.20 2007-11-23 080.D-0348(A) IVANOV 5.0×10×9 IB2.18 S27 83.3 27.151±0.035 -0.007±0.076 A
36944 54458.32 2007-12-24 080.D-0532(A) BOUY 52.0×1×128 H SDI 76.8 17.250±0.060 0.000±0.500 U
37322 53384.20 2005-01-14 074.D-0180(A) IVANOV 0.3454×149×9 K s S27 78.8 27.122±0.035 0.013±0.076 A
54412.36 2007-11-08 080.D-0348(A) IVANOV 1.0×52×18 K s S27 121.7 27.147±0.026 0.002±0.059 A
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37345 53471.99 2005-04-11 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 74.1 13.292±0.093 0.035±0.414 A
37450 53384.22 2005-01-14 074.D-0180(A) IVANOV 1.0×50×9 IB2.18 S27 78.8 27.076±0.062 -0.040±0.118 A
37623 53384.23 2005-01-14 074.D-0180(A) IVANOV 0.3454×149×9 K s S27 76.1 27.107±0.033 0.012±0.065 A
37752 53384.24 2005-01-14 074.D-0180(A) IVANOV 0.3454×149×9 K s S27 76.1 27.107±0.036 -0.040±0.078 A
37915 53384.26 2005-01-14 074.D-0180(A) IVANOV 0.3454×149×9 K s S27 78.2 27.119±0.037 0.058±0.079 A
54427.18 2007-11-23 080.D-0348(A) IVANOV 2.0×25×9 K s S27 86.9 27.146±0.035 -0.001±0.075 A
38373 53380.21 2005-01-10 074.D-0374(A) HUBRIG 5.0×11×20 K s S13 74.8 13.259±0.016 0.012±0.065 A
38906 53331.33 2004-11-22 074.D-0374(A) HUBRIG 10.0×5×20 K s S13 97.4 13.262±0.012 -0.004±0.048 A
39184 53384.27 2005-01-14 074.D-0180(A) IVANOV 0.3454×149×5 K s S27 78.2 27.114±0.161 0.061±0.283 A
53414.21 2005-02-13 074.D-0180(A) IVANOV 0.3454×149×9 K s S27 81.4 27.147±0.029 -0.040±0.057 A
39331 54120.30 2007-01-20 60.A-9026(A) NACO TEAM 0.5×24×5 K s S27 93.8 27.152±0.067 0.076±0.139 A
39906 53523.98 2005-06-02 075.C-0475(A) OUDMAIJER 0.35×35×5 NB2.17 S13 69.8 13.309±0.096 -0.102±0.419 A
39970 53523.96 2005-06-02 075.C-0475(A) OUDMAIJER 0.35×35×5 NB2.17 S13 67.8 13.309±0.073 -0.040±0.314 A
40085 53711.34 2005-12-07 076.C-0170(A) HUBRIG 0.6×100×10 K s S13 66.3 13.270±0.023 -0.006±0.095 A
40321 53523.98 2005-06-02 075.C-0475(A) OUDMAIJER 0.35×35×5 NB2.17 S13 68.2 13.260±0.071 0.054±0.324 A
40787 53374.21 2005-01-04 074.D-0374(A) HUBRIG 6.0×9×20 K s S13 86.0 13.249±0.012 0.047±0.055 A
53380.24 2005-01-10 074.D-0374(A) HUBRIG 9.0×6×20 K s S13 73.8 13.256±0.013 -0.027±0.055 A
40817 53415.17 2005-02-14 074.D-0180(A) IVANOV 1.0×50×9 IB2.18 S27 82.0 27.150±0.019 -0.020±0.042 A
54451.32 2007-12-17 080.D-0348(A) IVANOV 1.0×50×9 IB2.18 S27 133.1 27.127±0.034 0.015±0.057 A
54467.29 2008-01-02 080.D-0348(A) IVANOV 5.0×10×9 IB2.18 S27 78.8 27.155±0.018 -0.007±0.034 A
40834 53404.22 2005-02-03 074.D-0374(A) HUBRIG 3.8×13×20 K s S13 76.6 13.268±0.006 0.011±0.026 A
54425.31 2007-11-21 080.D-0348(A) IVANOV 0.6908×74×9 K s S27 89.9 27.166±0.017 -0.005±0.039 A
41049 53100.00 2004-04-04 60.A-9026(A) NACO TEAM 0.5×40×4 NB2.17 S13 70.3 13.221±0.017 0.000±0.500 U
41296 53526.97 2005-06-05 075.C-0475(A) OUDMAIJER 0.35×35×5 NB2.17 S13 74.3 13.259±0.073 -0.135±0.334 A
53684.37 2005-11-10 076.D-0108(A) IVANOV 5.0×10×9 IB2.18 S27 82.0 27.153±0.029 -0.018±0.063 A
54425.33 2007-11-21 080.D-0348(A) IVANOV 10.0×5×9 IB2.18 S27 81.4 27.166±0.029 -0.005±0.064 A
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41603 53403.31 2005-02-02 074.D-0374(A) HUBRIG 10.0×5×20 K s S13 72.2 13.262±0.013 -0.002±0.057 A
41674 53342.37 2004-12-03 074.D-0180(A) IVANOV 2.0×25×11 K s S27 89.3 27.116±0.030 0.015±0.060 A
41817 53413.22 2005-02-12 074.D-0180(A) IVANOV 1.0×50×9 IB2.18 S27 77.5 27.151±0.097 -0.042±0.198 A
54425.30 2007-11-21 080.D-0348(A) IVANOV 3.0×16×9 IB2.18 S27 87.5 27.162±0.062 -0.003±0.132 A
41843 53404.24 2005-02-03 074.D-0374(A) HUBRIG 10.0×5×20 K s S13 71.2 13.278±0.013 0.002±0.057 A
56326.14 2013-02-03 090.D-0038(A) SCHOELLER 15.0×3×20 K s S13 73.9 13.279±0.013 -0.010±0.057 A
42001 53354.33 2004-12-15 074.D-0180(A) IVANOV 0.3454×149×9 K s S27 106.2 27.089±0.038 -0.027±0.085 A
53414.23 2005-02-13 074.D-0180(A) IVANOV 0.3454×149×9 K s S27 80.8 27.162±0.036 0.005±0.077 A
54501.21 2008-02-05 080.D-0348(A) IVANOV 0.3454×148×9 K s S27 89.9 27.165±0.041 -0.029±0.084 A
42129 53738.19 2006-01-03 076.D-0108(A) IVANOV 10.0×5×9 IB2.18 S27 75.5 27.143±0.029 0.025±0.057 A
54451.33 2007-12-17 080.D-0348(A) IVANOV 1.0×49×9 IB2.18 S27 94.9 27.166±0.030 -0.019±0.070 A
42177 53404.27 2005-02-03 074.D-0374(A) HUBRIG 3.8×13×20 K s S13 72.7 13.278±0.010 -0.012±0.044 A
42334 53434.19 2005-03-05 074.D-0180(A) IVANOV 5.0×10×9 IB2.18 S27 78.2 27.130±0.041 -0.004±0.084 A
54508.15 2008-02-12 080.D-0348(A) IVANOV 1.0×49×9 IB2.18 S27 78.2 27.161±0.035 0.013±0.076 A
42459 53526.98 2005-06-05 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 75.3 13.257±0.072 -0.077±0.315 A
53738.21 2006-01-03 076.D-0108(A) IVANOV 10.0×5×9 IB2.18 S27 75.5 27.141±0.029 -0.009±0.059 A
42504 53742.18 2006-01-07 076.D-0108(A) IVANOV 10.0×5×18 IB2.18 S27 92.1 27.148±0.015 0.028±0.033 A
42535 53742.20 2006-01-07 076.D-0108(A) IVANOV 3.5×15×9 K s S27 86.9 27.152±0.029 0.035±0.058 A
42540 53375.26 2005-01-05 074.D-0180(A) IVANOV 1.0×50×9 IB2.18 S27 86.9 27.108±0.038 -0.045±0.081 A
54451.34 2007-12-17 080.D-0348(A) IVANOV 1.0×49×9 IB2.18 S27 94.9 27.128±0.038 -0.017±0.086 A
42637 53742.31 2006-01-07 076.D-0108(A) IVANOV 25.0×2×9 IB2.18 S27 180.6 27.142±0.014 -0.007±0.024 A
42715 53742.22 2006-01-07 076.D-0108(A) IVANOV 10.0×5×9 IB2.18 S27 97.1 27.147±0.032 0.058±0.063 A
54509.21 2008-02-13 080.D-0348(A) IVANOV 10.0×5×9 IB2.18 S27 86.9 27.168±0.030 0.017±0.063 A
43073 53454.10 2005-03-25 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 73.6 13.270±0.076 0.088±0.320 A
43305 53379.29 2005-01-09 074.D-0374(A) HUBRIG 2.4×22×20 K s S13 68.7 13.261±0.013 0.014±0.057 A
54509.23 2008-02-13 080.D-0348(A) IVANOV 5.0×10×9 IB2.18 S27 83.3 27.157±0.042 -0.003±0.084 A
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43499 53750.08 2006-01-15 076.D-0108(A) IVANOV 0.3454×149×9 K s S27 81.4 27.142±0.026 0.008±0.058 A
43689 53044.20 2004-02-09 60.A-9026(A) NACO TEAM 10.0×6×6 NB2.17 S27 30.5 27.080±0.085 0.055±0.190 A
43792 52659.32 2003-01-20 70.C-0701(A) ZINNECKER 0.6×20×3 NB2.12 S13 71.9 14.400±0.000 -0.024±0.000 A
44299 53750.09 2006-01-15 076.D-0108(A) IVANOV 2.0×25×9 K s S27 86.9 27.160±0.035 0.015±0.071 A
54451.35 2007-12-17 080.D-0348(A) IVANOV 0.3454×148×9 K s S27 98.7 27.174±0.034 0.026±0.071 A
44798 53380.28 2005-01-10 074.D-0374(A) HUBRIG 20.0×3×22 K s S13 74.4 13.260±0.014 -0.022±0.061 A
44883 53382.27 2005-01-12 074.D-0180(A) IVANOV 0.3454×149×9 K s S27 84.5 27.094±0.040 -0.022±0.083 A
54468.30 2008-01-03 080.D-0348(A) IVANOV 0.3454×148×9 K s S27 86.3 27.131±0.038 -0.016±0.082 A
45189 53382.32 2005-01-12 074.D-0180(A) IVANOV 0.3454×149×9 K s S27 92.7 27.095±0.032 0.009±0.067 A
54467.30 2008-01-02 080.D-0348(A) IVANOV 1.0×52×9 K s S27 80.1 27.138±0.034 0.043±0.073 A
45270 53355.38 2004-12-16 074.D-0180(A) IVANOV 0.3454×149×9 K s S27 81.4 27.095±0.034 0.014±0.068 A
53493.01 2005-05-03 075.C-0475(A) OUDMAIJER 2.0×6×5 NB2.17 S13 72.1 13.311±0.061 -0.074±0.300 A
45314 53355.36 2004-12-16 074.D-0180(A) IVANOV 0.3454×149×9 K s S27 78.8 27.082±0.031 0.001±0.065 A
54511.14 2008-02-15 080.D-0348(A) IVANOV 1.0×50×9 K s S27 79.5 27.147±0.034 -0.028±0.075 A
56265.36 2012-12-04 090.C-0448(A) VOGT 1.0×30×12 NB2.17 S13 68.7 13.267±0.011 0.572±0.049 C
45344 53349.38 2004-12-10 074.D-0180(A) IVANOV 2.0×25×9 IB2.18 S27 78.8 27.097±0.033 0.012±0.068 A
54511.16 2008-02-15 080.D-0348(A) IVANOV 2.0×25×9 IB2.18 S27 72.7 27.151±0.031 -0.015±0.068 A
45631 53750.10 2006-01-15 076.D-0108(A) IVANOV 5.0×10×9 IB2.18 S27 83.9 27.147±0.028 -0.014±0.065 A
45941 53507.98 2005-05-17 075.C-0475(A) OUDMAIJER 6.0×2×5 NB2.17 S13 73.6 13.276±0.067 0.014±0.281 A
46283 53750.26 2006-01-15 076.D-0108(A) IVANOV 5.0×10×9 IB2.18 S27 82.7 27.147±0.033 -0.020±0.061 A
54475.31 2008-01-10 080.D-0348(A) IVANOV 5.0×10×9 IB2.18 S27 86.3 27.152±0.028 -0.050±0.061 A
46329 53454.11 2005-03-25 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 70.7 13.305±0.082 -0.126±0.347 A
46594 53753.23 2006-01-18 076.D-0108(A) IVANOV 5.0×10×9 IB2.18 S27 74.1 27.146±0.029 0.009±0.059 A
54535.10 2008-03-10 080.D-0348(A) IVANOV 4.0×13×9 IB2.18 S27 80.8 27.133±0.031 -0.007±0.063 A
46914 53442.14 2005-03-13 074.D-0180(A) IVANOV 5.0×10×9 IB2.18 S27 92.1 27.155±0.036 0.026±0.076 A
54535.11 2008-03-10 080.D-0348(A) IVANOV 1.0×49×9 IB2.18 S27 78.8 27.142±0.022 -0.015±0.020 A
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46928 53778.24 2006-02-12 076.D-0108(A) IVANOV 25.0×2×9 IB2.18 S27 85.7 27.154±0.009 0.001±0.019 A
54475.33 2008-01-10 080.D-0348(A) IVANOV 10.0×1×9 IB2.18 S27 92.7 27.156±0.009 -0.007±0.020 A
47452 53347.39 2004-12-08 074.D-0180(A) IVANOV 5.0×10×8 IB2.18 S27 74.8 27.125±0.051 0.026±0.102 A
54511.25 2008-02-15 080.D-0348(A) IVANOV 2.0×25×9 IB2.18 S27 81.4 27.128±0.038 0.032±0.081 A
47522 53523.99 2005-06-02 075.C-0475(A) OUDMAIJER 0.35×35×5 NB2.17 S13 69.8 13.290±0.181 -0.192±0.732 A
48224 53380.32 2005-01-10 074.D-0180(A) IVANOV 10.0×5×9 IB2.18 S27 83.3 27.098±0.032 -0.009±0.062 A
48943 53493.02 2005-05-03 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 72.6 13.248±0.091 -0.011±0.396 A
49712 53527.00 2005-06-05 075.C-0475(A) OUDMAIJER 0.35×35×5 NB2.17 S13 72.6 13.251±0.064 -0.021±0.275 A
50044 53523.99 2005-06-02 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 70.1 13.246±0.065 -0.136±0.252 A
50480 53442.16 2005-03-13 074.D-0180(A) IVANOV 0.3454×149×9 K s S27 85.7 27.139±0.033 0.038±0.078 A
50847 53779.20 2006-02-13 076.C-0170(A) HUBRIG 5.4×15×10 K s S13 75.9 13.273±0.013 0.022±0.053 A
55673.11 2011-04-22 087.D-0197(A) SCHOELLER 5.0×12×18 K s S13 79.4 13.272±0.007 0.005±0.028 A
51362 53185.02 2004-06-29 272.D-5068(A) IVANOV 5.0×9×9 IB2.18 S27 79.5 27.095±0.040 0.043±0.088 A
53846.12 2006-04-21 077.D-0147(A) IVANOV 24.0×4×7 IB2.18 S27 88.7 27.151±0.051 0.010±0.110 A
51376 53405.28 2005-02-04 074.D-0180(A) IVANOV 0.3454×149×9 K s S27 101.8 27.157±0.041 -0.029±0.088 A
53415.32 2005-02-14 074.D-0180(A) IVANOV 0.3454×149×9 K s S27 81.4 27.159±0.047 -0.050±0.098 A
54521.20 2008-02-25 080.D-0348(A) IVANOV 0.3454×148×9 K s S27 83.3 27.166±0.036 -0.013±0.074 A
51437 53368.38 2004-12-29 074.D-0180(A) IVANOV 1.0×50×9 IB2.18 S27 69.8 27.122±0.042 -0.020±0.090 A
51491 53787.19 2006-02-21 076.D-0108(A) IVANOV 1.0×52×9 K s S27 92.1 27.151±0.036 -0.004±0.078 A
52221 53779.24 2006-02-13 076.D-0108(A) IVANOV 2.0×26×9 K s S27 81.4 27.137±0.022 -0.008±0.043 A
52742 53794.08 2006-02-28 076.D-0108(A) IVANOV 10.0×5×10 IB2.18 S27 85.1 27.151±0.027 0.012±0.052 A
54483.36 2008-01-18 080.D-0348(A) IVANOV 5.0×10×9 IB2.18 S27 88.1 27.150±0.025 -0.025±0.055 A
53272 53779.26 2006-02-13 076.D-0108(A) IVANOV 4.0×13×9 K s S27 82.0 27.152±0.019 -0.011±0.036 A
54511.30 2008-02-15 080.D-0348(A) IVANOV 2.0×26×9 K s S27 85.1 27.158±0.016 -0.011±0.038 A
53762 53406.33 2005-02-05 074.D-0180(A) IVANOV 0.3454×149×9 K s S27 84.5 27.155±0.032 0.003±0.070 A
53489.12 2005-04-29 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 72.1 13.245±0.082 -0.100±0.389 A
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54255 53789.11 2006-02-23 076.D-0108(A) IVANOV 1.0×52×9 K s S27 81.4 27.150±0.047 -0.001±0.094 A
54257 53820.41 2006-03-26 076.C-0579(A) BRANDEKER 0.3454×15×6 K s S13 123.6 13.275±0.060 0.033±0.253 A
54413 54882.15 2009-02-20 082.C-0489(A) VOGT 0.3454×87×44 K s S13 92.1 13.275±0.045 0.428±0.109 B
55555.33 2010-12-25 086.C-0638(A) VOGT 0.5×120×25 K s S13 88.5 13.271±0.016 0.599±0.069 C
55645.12 2011-03-25 086.C-0600(B) VOGT 0.3454×87×62 K s S13 79.6 13.274±0.045 0.639±0.118 B
54557 53794.13 2006-02-28 076.C-0708(A) THOMAS 2.0×100×5 NB2.12 S13 77.5 13.272±0.020 -0.017±0.078 A
53820.40 2006-03-26 076.C-0579(A) BRANDEKER 0.3454×15×6 K s S13 85.3 13.268±0.040 -0.014±0.177 A
54160.10 2007-03-01 078.C-0535(A) VOGT 0.5×110×20 K s S13 76.9 13.268±0.045 0.040±0.101 B
54516.21 2008-02-20 080.C-0424(A) VOGT 0.5×120×5 K s S13 76.6 13.279±0.045 0.347±0.105 B
55605.34 2011-02-13 086.C-0762(D) DAEMGEN 1.0×13×5 K s S13 70.5 13.280±0.019 -0.000±0.114 A
54767 53779.27 2006-02-13 076.D-0108(A) IVANOV 10.0×5×9 IB2.18 S27 82.0 27.148±0.025 0.002±0.048 A
54829 55675.97 2011-04-24 60.A-9800(J) OBSERVATORY, P 1.0×10×6 NB2.17 S13 76.6 13.269±0.044 -0.106±0.227 A
55597 53752.37 2006-01-17 076.D-0108(A) IVANOV 10.0×5×9 IB2.18 S27 76.1 27.154±0.023 0.024±0.047 A
54520.28 2008-02-24 080.D-0348(A) IVANOV 0.5×100×9 IB2.18 S27 91.0 27.109±0.012 -0.007±0.006 A
55657 53741.38 2006-01-06 076.D-0108(A) IVANOV 0.7×74×9 K s S27 81.4 27.144±0.018 0.005±0.038 A
55667 53459.09 2005-03-30 075.C-0475(A) OUDMAIJER 3.0×4×5 NB2.17 S13 77.2 13.290±0.103 -0.120±0.379 A
56000 53408.25 2005-02-07 074.D-0180(A) IVANOV 1.0×50×9 IB2.18 S27 85.7 27.146±0.033 0.043±0.075 A
54520.30 2008-02-24 080.D-0348(A) IVANOV 1.0×49×9 IB2.18 S27 86.3 27.142±0.033 -0.023±0.070 A
56379 53171.00 2004-06-15 073.C-0178(A) FELDT 0.3×35×12 K s S13 101.9 13.266±0.010 0.035±0.034 A
56480 53454.18 2005-03-25 075.C-0475(A) OUDMAIJER 0.35×35×5 NB2.17 S13 76.2 13.266±0.065 0.070±0.255 A
56754 53403.36 2005-02-02 074.D-0374(A) HUBRIG 2.4×22×20 K s S13 75.7 13.278±0.008 0.022±0.036 A
54475.35 2008-01-10 080.D-0348(A) IVANOV 5.0×10×9 IB2.18 S27 82.7 27.137±0.028 0.021±0.064 A
55673.08 2011-04-22 087.D-0197(A) SCHOELLER 4.0×15×16 K s S13 75.6 13.270±0.010 0.021±0.047 A
57371 53441.22 2005-03-12 074.D-0180(A) IVANOV 10.0×10×9 IB2.18 S27 86.3 27.155±0.032 0.015±0.064 A
53796.33 2006-03-02 076.D-0108(A) IVANOV 10.0×5×9 IB2.18 S27 84.5 27.159±0.033 0.040±0.073 A
58326 53779.31 2006-02-13 076.D-0108(A) IVANOV 2.0×26×9 K s S27 82.7 27.155±0.024 -0.026±0.046 A
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54475.34 2008-01-10 080.D-0348(A) IVANOV 0.3454×148×9 K s S27 82.7 27.159±0.025 0.005±0.054 A
58379 53768.35 2006-02-02 076.D-0108(A) IVANOV 5.0×10×9 IB2.18 S27 83.3 27.136±0.028 -0.022±0.058 A
58587 53454.19 2005-03-25 075.C-0475(A) OUDMAIJER 0.35×35×5 NB2.17 S13 73.8 13.251±0.080 0.114±0.369 A
58720 53442.22 2005-03-13 074.D-0180(A) IVANOV 0.3454×75×18 K s S27 87.5 27.158±0.010 -0.012±0.021 A
59607 53459.09 2005-03-30 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 75.3 13.274±0.086 -0.016±0.355 A
60189 53407.38 2005-02-06 074.D-0180(A) IVANOV 1.0×50×9 IB2.18 S27 82.7 27.148±0.039 0.009±0.083 A
60379 53408.33 2005-02-07 074.D-0180(A) IVANOV 1.0×50×9 IB2.18 S27 83.3 27.135±0.071 -0.075±0.127 A
60449 53413.29 2005-02-12 074.D-0180(A) IVANOV 1.0×50×9 IB2.18 S27 83.9 27.082±0.037 -0.009±0.023 A
54510.35 2008-02-14 080.D-0348(A) IVANOV 5.0×10×9 IB2.18 S27 75.5 27.172±0.036 -0.012±0.074 A
60463 53165.03 2004-06-09 272.D-5068(A) IVANOV 0.3×140×9 K s S27 86.9 27.094±0.033 0.025±0.073 A
53413.30 2005-02-12 074.D-0180(A) IVANOV 0.3454×149×9 K s S27 80.1 27.157±0.034 -0.035±0.075 A
60610 53413.31 2005-02-12 074.D-0180(A) IVANOV 0.3454×149×9 K s S27 83.3 27.149±0.038 0.001±0.080 A
60735 53413.33 2005-02-12 074.D-0180(A) IVANOV 0.3454×149×9 K s S27 80.1 27.132±0.038 0.023±0.077 A
60851 53102.08 2004-04-07 073.D-0534(A) KOUWENHOVEN 1.3×35×3 K s S13 69.8 13.276±0.117 -0.106±0.571 A
60855 53413.34 2005-02-12 074.D-0180(A) IVANOV 1.0×50×9 IB2.18 S27 81.4 27.153±0.045 -0.020±0.093 A
61318 53750.37 2006-01-15 076.D-0108(A) IVANOV 10.0×5×9 IB2.18 S27 74.8 27.155±0.040 -0.021±0.083 A
61789 53404.30 2005-02-03 074.D-0374(A) HUBRIG 1.5×35×19 K s S13 70.1 13.259±0.011 0.021±0.051 A
61966 53454.20 2005-03-25 075.C-0475(A) OUDMAIJER 0.35×35×5 NB2.17 S13 76.7 13.269±0.059 0.003±0.337 A
62026 53102.13 2004-04-07 073.D-0534(A) KOUWENHOVEN 2.6×15×3 K s S13 66.5 13.271±0.137 0.010±0.794 A
62058 53415.33 2005-02-14 074.D-0180(A) IVANOV 0.3454×149×9 K s S27 80.8 27.170±0.029 -0.001±0.056 A
62786 53415.36 2005-02-14 074.D-0180(A) IVANOV 0.3454×149×9 K s S27 81.4 27.134±0.032 0.017±0.071 A
55689.99 2011-05-08 087.D-0261(A) ADAM 6.0×9×10 K s S13 72.2 13.262±0.046 0.064±0.201 A
63005 55690.05 2011-05-09 087.D-0261(A) ADAM 6.0×7×6 K s S13 72.1 13.275±0.045 0.604±0.119 B
63210 53398.40 2005-01-28 074.D-0180(A) IVANOV 5.0×10×9 IB2.18 S27 82.7 27.162±0.037 -0.031±0.071 A
63945 53454.21 2005-03-25 075.C-0475(A) OUDMAIJER 0.35×35×5 NB2.17 S13 75.7 13.299±0.061 -0.006±0.322 A
64053 53779.32 2006-02-13 076.D-0108(A) IVANOV 2.0×26×9 K s S27 85.1 27.151±0.030 -0.013±0.065 A
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64515 53436.29 2005-03-07 074.D-0180(A) IVANOV 5.0×1×90 K s S27 107.7 27.132±0.018 0.011±0.042 A
53778.37 2006-02-12 076.D-0108(A) IVANOV 4.0×13×9 K s S27 82.7 27.144±0.032 -0.019±0.066 A
65688 53915.95 2006-06-29 60.A-9026(A) NACO TEAM 0.3454×40×5 K s S27 92.7 27.153±0.148 -0.009±0.300 A
66454 53413.39 2005-02-12 074.D-0180(A) IVANOV 0.3454×149×9 K s S27 83.3 27.139±0.034 0.008±0.069 A
66849 53415.40 2005-02-14 074.D-0180(A) IVANOV 1.0×50×9 IB2.18 S27 82.7 27.148±0.024 -0.027±0.050 A
67472 53454.22 2005-03-25 075.C-0475(A) OUDMAIJER 1.0×12×5 K s S13 81.9 13.254±0.072 0.100±0.337 A
55690.02 2011-05-09 087.D-0261(A) ADAM 1.5×35×10 K s S13 75.1 13.275±0.045 0.604±0.119 B
67669 53404.33 2005-02-03 074.D-0374(A) HUBRIG 1.5×35×20 K s S13 71.7 13.269±0.021 0.006±0.087 A
67703 53185.16 2004-06-29 272.D-5068(A) IVANOV 6.0×8×9 IB2.18 S27 80.1 27.091±0.072 0.050±0.135 A
68002 53454.24 2005-03-25 075.C-0475(A) OUDMAIJER 0.5×24×5 K s S13 72.6 13.284±0.071 0.123±0.348 A
68269 53185.17 2004-06-29 272.D-5068(A) IVANOV 10.0×5×9 IB2.18 S27 82.0 27.102±0.039 0.031±0.077 A
69113 53126.08 2004-05-01 073.D-0534(A) KOUWENHOVEN 2.3×25×3 K s S13 123.7 13.304±0.178 0.012±0.720 A
69174 53774.40 2006-02-08 076.D-0108(A) IVANOV 2.1×25×234 K s S27 80.1 27.139±0.031 0.028±0.067 A
54518.39 2008-02-22 080.D-0348(A) IVANOV 0.3454×148×9 K s S27 75.5 27.171±0.030 -0.025±0.064 A
69491 53454.25 2005-03-25 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 75.1 13.263±0.055 0.026±0.220 A
69618 53442.29 2005-03-13 074.D-0180(A) IVANOV 1.0×25×18 IB2.18 S27 91.0 27.156±0.013 -0.019±0.026 A
69658 53407.39 2005-02-06 074.D-0180(A) IVANOV 0.3454×149×9 K s S27 80.8 27.155±0.044 -0.029±0.091 A
70574 53454.26 2005-03-25 075.C-0475(A) OUDMAIJER 0.35×35×5 NB2.17 S13 74.6 13.278±0.061 -0.002±0.289 A
70915 53791.38 2006-02-25 076.D-0108(A) IVANOV 1.0×52×9 K s S27 86.9 27.145±0.034 -0.021±0.072 A
54518.40 2008-02-22 080.D-0348(A) IVANOV 0.3454×148×9 K s S27 76.1 27.158±0.031 -0.003±0.068 A
71353 53804.26 2006-03-10 076.D-0108(A) IVANOV 0.3454×149×18 K s S27 92.7 27.162±0.025 -0.028±0.055 A
71762 53404.39 2005-02-03 074.D-0374(A) HUBRIG 1.5×35×20 K s S13 70.3 13.274±0.016 0.001±0.068 A
71783 53806.34 2006-03-12 076.D-0108(A) IVANOV 0.3454×149×18 K s S27 88.1 27.149±0.021 -0.010±0.042 A
71974 53806.28 2006-03-12 076.D-0108(A) IVANOV 0.3454×149×9 K s S27 92.1 27.167±0.039 0.022±0.078 A
72154 53787.31 2006-02-21 076.D-0108(A) IVANOV 1.0×52×9 K s S27 83.9 27.140±0.039 -0.014±0.085 A
73111 53454.27 2005-03-25 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 71.4 13.277±0.072 -0.201±0.304 A
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73865 53454.28 2005-03-25 075.C-0475(A) OUDMAIJER 3.0×4×5 NB2.17 S13 71.4 13.279±0.088 0.007±0.387 A
74750 53454.29 2005-03-25 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 75.4 13.283±0.068 -0.101±0.291 A
74911 53454.30 2005-03-25 075.C-0475(A) OUDMAIJER 0.35×35×8 NB2.17 S13 74.8 13.250±0.050 0.036±0.214 A
75264 53454.31 2005-03-25 075.C-0475(A) OUDMAIJER 1.0×12×5 K s S13 75.1 13.290±0.140 -0.057±0.626 A
55690.09 2011-05-09 087.D-0261(A) ADAM 2.0×15×9 K s S13 72.2 13.275±0.045 0.604±0.119 B
76243 53787.37 2006-02-21 076.D-0108(A) IVANOV 5.0×10×9 IB2.18 S27 78.2 27.136±0.044 0.010±0.096 A
76503 56121.08 2012-07-13 089.C-0494(B) KURTEV 0.5×50×10 K s S13 100.4 13.265±0.035 0.037±0.144 A
76591 53454.32 2005-03-25 075.C-0475(A) OUDMAIJER 3.0×4×5 NB2.17 S13 74.6 13.289±0.081 0.025±0.343 A
77227 53804.33 2006-03-10 076.D-0108(A) IVANOV 1.0×50×9 IB2.18 S27 86.9 27.179±0.040 -0.004±0.084 A
77562 53186.14 2004-06-30 272.D-5068(A) IVANOV 10.0×5×9 K s S27 101.8 27.114±0.031 0.008±0.059 A
53853.26 2006-04-28 077.D-0147(A) IVANOV 1.0×84×7 K s S27 88.1 27.150±0.040 -0.013±0.081 A
77634 53406.40 2005-02-05 074.D-0374(A) HUBRIG 0.9×55×15 K s S13 75.1 13.279±0.042 0.050±0.180 A
77635 56121.12 2012-07-13 089.C-0494(B) KURTEV 2.5×10×10 K s S13 97.1 13.283±0.033 -0.016±0.136 A
77840 56121.12 2012-07-13 089.C-0494(B) KURTEV 2.5×10×6 K s S13 94.7 13.311±0.102 -0.113±0.429 A
77900 55743.02 2011-07-01 60.A-9800(J) OBSERVATORY, P 5.0×2×54 K s S13 71.0 13.166±0.598 -2.975±5.380 A
56121.20 2012-07-13 089.C-0494(B) KURTEV 2.5×10×6 K s S13 82.2 13.270±0.093 0.117±0.406 A
78168 53435.42 2005-03-06 074.D-0180(A) IVANOV 0.7×75×9 K s S27 78.2 27.163±0.037 0.003±0.080 A
53454.33 2005-03-25 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 71.0 13.287±0.094 0.087±0.410 A
78265 56121.18 2012-07-13 089.C-0494(B) KURTEV 0.5×50×6 K s S13 102.3 13.244±0.103 -0.099±0.451 A
78933 53454.35 2005-03-25 075.C-0475(A) OUDMAIJER 0.35×35×5 NB2.17 S13 70.9 13.274±0.100 0.114±0.427 A
78968 53130.20 2004-05-05 073.D-0534(A) KOUWENHOVEN 0.35×35×3 K s S13 69.4 13.245±0.165 -0.047±0.734 A
79005 53190.13 2004-07-04 272.D-5068(A) IVANOV 1.0×50×9 K s S27 86.3 27.117±0.038 0.024±0.081 A
53852.27 2006-04-27 077.D-0147(A) IVANOV 1.0×84×7 K s S27 105.3 27.176±0.050 0.009±0.105 A
53887.16 2006-06-01 077.D-0147(A) IVANOV 2.0×42×7 K s S27 81.4 27.148±0.065 0.026±0.138 A
79031 53408.39 2005-02-07 074.D-0374(A) HUBRIG 6.0×9×15 K s S13 78.9 13.270±0.017 -0.019±0.070 A
53435.35 2005-03-06 074.D-0374(A) HUBRIG 6.0×9×20 K s S13 70.7 13.274±0.013 0.028±0.056 A
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79098 53442.27 2005-03-13 074.D-0374(A) HUBRIG 3.8×13×20 K s S13 83.1 13.268±0.013 -0.031±0.055 A
79153 53186.19 2004-06-30 272.D-5068(A) IVANOV 2.0×25×9 K s S27 87.5 27.099±0.029 -0.004±0.063 A
53853.27 2006-04-28 077.D-0147(A) IVANOV 1.0×84×7 K s S27 83.3 27.162±0.036 0.054±0.077 A
79199 53191.12 2004-07-05 272.D-5068(A) IVANOV 0.3×140×9 K s S27 85.7 27.102±0.038 0.015±0.078 A
55690.12 2011-05-09 087.D-0261(A) ADAM 6.0×9×9 K s S13 71.0 13.275±0.045 0.604±0.119 B
79230 53105.33 2004-04-10 073.C-0379(A) ZINNECKER 0.6×45×0 NB1.64 S13 70.0 13.260±0.005 0.019±0.004 A
79399 53185.25 2004-06-29 272.D-5068(A) IVANOV 10.0×5×9 K s S27 118.2 27.090±0.040 -0.018±0.081 A
53852.25 2006-04-27 077.D-0147(A) IVANOV 0.3454×243×7 K s S27 80.8 27.131±0.050 0.000±0.105 A
79404 56179.02 2012-09-09 089.C-0494(C) KURTEV 0.1091×200×16 K s S13 91.1 13.253±0.055 0.040±0.222 A
79410 53176.09 2004-06-20 073.D-0534(A) KOUWENHOVEN 0.35×35×3 K s S13 71.7 13.238±0.186 -0.067±0.784 A
79622 56121.21 2012-07-13 089.C-0494(B) KURTEV 2.5×10×6 K s S13 97.6 13.278±0.101 -0.051±0.414 A
79653 53177.28 2004-06-21 272.D-5068(A) IVANOV 15.0×3×9 IB2.18 S27 94.9 27.097±0.032 -0.026±0.068 A
79739 53176.17 2004-06-20 073.D-0534(A) KOUWENHOVEN 4.0×15×3 K s S13 76.9 13.274±0.196 0.010±0.924 A
79771 53176.21 2004-06-20 073.D-0534(A) KOUWENHOVEN 2.6×15×3 K s S13 74.8 13.338±0.218 -0.189±0.919 A
56121.25 2012-07-13 089.C-0494(B) KURTEV 0.5×50×10 K s S13 79.1 13.259±0.035 -0.072±0.151 A
80066 53454.36 2005-03-25 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 71.2 13.267±0.081 0.005±0.367 A
80126 54994.25 2009-06-12 083.C-0459(A) SCHREIBER 0.5×2×10 J S13 66.5 13.274±0.032 0.103±0.132 A
80142 53130.25 2004-05-05 073.D-0534(A) KOUWENHOVEN 2.8×15×3 K s S13 71.4 13.251±0.008 -0.107±0.063 A
80461 56179.04 2012-09-09 089.C-0494(C) KURTEV 0.2×200×21 K s S13 81.1 13.262±0.086 0.042±0.395 A
80473 56089.35 2012-06-11 089.C-0494(A) KURTEV 0.2×100×4 K s S27 330.3 27.198±0.117 0.050±0.240 A
80474 53184.17 2004-06-28 073.D-0534(A) KOUWENHOVEN 0.35×35×3 K s S13 114.7 13.230±0.275 -0.250±1.190 A
55690.15 2011-05-09 087.D-0261(A) ADAM 8.0×6×10 K s S13 72.9 13.275±0.045 0.604±0.119 B
80493 56179.06 2012-09-09 089.C-0494(C) KURTEV 0.4×100×16 K s S13 77.4 13.221±0.017 0.000±0.500 U
81472 53454.37 2005-03-25 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 71.5 13.276±0.084 -0.162±0.335 A
55690.19 2011-05-09 087.D-0261(A) ADAM 6.0×9×9 K s S13 69.1 13.275±0.045 0.604±0.119 B
81474 56179.08 2012-09-09 089.C-0494(C) KURTEV 0.2×200×17 K s S13 81.6 13.309±0.090 0.102±0.375 A
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81972 53184.20 2004-06-28 073.D-0534(A) KOUWENHOVEN 0.35×35×3 K s S13 101.4 13.249±0.254 0.200±1.200 A
82902 53177.30 2004-06-21 272.D-5068(A) IVANOV 3.45×14×9 K s S27 98.1 27.113±0.033 0.045±0.074 A
53895.29 2006-06-09 077.D-0147(A) IVANOV 6.0×2×49 K s S27 100.2 27.162±0.007 -0.034±0.015 A
83336 53182.27 2004-06-26 272.D-5068(A) IVANOV 10.0×5×9 IB2.18 S27 86.3 27.111±0.038 -0.043±0.084 A
53912.13 2006-06-26 077.D-0147(A) IVANOV 12.0×7×7 IB2.18 S27 84.5 27.158±0.051 -0.004±0.105 A
85442 53454.42 2005-03-25 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 72.1 13.258±0.060 -0.178±0.046 A
85727 54699.06 2008-08-21 081.C-0653(A) LAGRANGE 1.0×10×10 K s S27 92.7 27.157±0.026 -0.008±0.051 A
85755 53455.44 2005-03-26 075.C-0475(A) OUDMAIJER 0.35×35×5 NB2.17 S13 72.9 13.277±0.094 0.142±0.382 A
53489.37 2005-04-29 075.C-0475(A) OUDMAIJER 0.35×35×5 NB2.17 S13 70.9 13.263±0.078 -0.032±0.339 A
85783 53442.33 2005-03-13 074.D-0374(A) HUBRIG 6.0×9×20 K s S13 87.0 13.270±0.015 0.023±0.068 A
55655.36 2011-04-04 087.D-0197(A) SCHOELLER 7.5×8×18 K s S13 89.9 13.285±0.014 -0.027±0.060 A
55690.35 2011-05-09 087.D-0261(A) ADAM 12.0×3×4 K s S13 71.4 13.275±0.045 0.604±0.119 B
87163 53457.37 2005-03-28 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 69.6 13.272±0.022 -0.111±0.056 A
55690.27 2011-05-09 087.D-0261(A) ADAM 5.0×7×9 K s S13 67.6 13.275±0.045 0.604±0.119 B
87220 53454.43 2005-03-25 075.C-0475(A) OUDMAIJER 0.35×35×5 NB2.17 S13 72.2 13.299±0.089 -0.124±0.378 A
55690.24 2011-05-09 087.D-0261(A) ADAM 2.0×20×9 K s S13 70.0 13.275±0.045 0.604±0.119 B
88012 53456.43 2005-03-27 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 75.1 13.271±0.084 -0.039±0.371 A
88149 53455.43 2005-03-26 075.C-0475(A) OUDMAIJER 0.35×35×5 NB2.17 S13 67.6 13.261±0.093 -0.135±0.402 A
55690.29 2011-05-09 087.D-0261(A) ADAM 3.5×12×9 K s S13 70.9 13.275±0.045 0.604±0.119 B
88859 53442.36 2005-03-13 074.D-0374(A) HUBRIG 6.0×9×20 K s S13 96.3 13.271±0.011 -0.037±0.047 A
89684 53570.20 2005-07-19 075.C-0668(A) DOUCET 4.0×5×8 K s S13 68.3 13.221±0.017 0.000±0.500 U
55690.31 2011-05-09 087.D-0261(A) ADAM 10.0×4×9 K s S13 74.4 13.275±0.045 0.604±0.119 B
89956 55761.05 2011-07-19 087.D-0426(C) MARTAYAN 0.2×100×8 K s S27 361.5 27.160±0.115 -0.043±0.232 A
89963 55761.01 2011-07-19 087.D-0426(C) MARTAYAN 0.6×25×5 K s S27 84.5 27.149±0.086 -0.039±0.186 A
89977 53472.33 2005-04-12 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 68.7 13.241±0.100 0.005±0.425 A
90096 53458.39 2005-03-29 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 70.9 13.296±0.077 -0.119±0.334 A
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55690.37 2011-05-09 087.D-0261(A) ADAM 4.0×8×9 K s S13 71.7 13.275±0.045 0.604±0.119 B
90336 53472.32 2005-04-12 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 73.3 13.268±0.078 0.081±0.330 A
90766 55372.17 2010-06-25 485.L-0725(A) FORVEILLE 0.3×20×7 K s S27 161.8 27.075±0.126 0.043±0.257 A
91014 53472.34 2005-04-12 075.C-0475(A) OUDMAIJER 0.35×35×5 NB2.17 S13 71.5 13.300±0.100 -0.088±0.426 A
93368 53472.35 2005-04-12 075.C-0475(A) OUDMAIJER 3.0×4×5 NB2.17 S13 71.4 13.242±0.080 0.019±0.312 A
93542 53577.16 2005-07-26 075.D-0660(A) DE LAVERNY 1.8×6×61 K s S13 78.5 13.280±0.013 0.005±0.055 A
53958.15 2006-08-11 077.D-0606(A) LEAO 2.0×7×40 K s S13 85.6 13.246±0.015 -0.028±0.066 A
93805 54699.07 2008-08-21 081.C-0653(A) LAGRANGE 1.0×10×10 K s S27 102.3 27.137±0.057 0.017±0.118 A
54947.29 2009-04-26 083.C-0151(B) LAGRANGE 4.0×20×8 NB2.17 S27 80.1 27.155±0.084 -0.089±0.181 A
93892 53286.00 2004-10-08 074.D-0374(A) HUBRIG 10.0×5×20 K s S13 74.6 13.267±0.020 0.053±0.086 A
55799.14 2011-08-26 087.D-0197(A) SCHOELLER 15.0×4×18 K s S13 75.4 13.267±0.013 0.028±0.057 A
93996 53489.39 2005-04-29 075.C-0475(A) OUDMAIJER 0.6×20×5 NB2.17 S13 71.0 13.312±0.078 0.013±0.328 A
95347 53519.38 2005-05-29 075.C-0475(A) OUDMAIJER 0.35×35×5 NB2.17 S13 72.6 13.292±0.083 0.110±0.334 A
97607 53511.37 2005-05-21 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 72.2 13.231±0.100 0.236±0.423 A
99457 53512.40 2005-05-22 075.C-0475(A) OUDMAIJER 3.0×4×7 NB2.17 S13 72.4 13.254±0.057 0.033±0.266 A
100751 53601.10 2005-08-19 075.C-0521(B) CHAUVIN 0.5×20×8 NB2.17 S27 69.0 27.167±0.051 -0.023±0.090 A
100881 54769.99 2008-10-30 60.A-9800(J) OBSERVATORY, P 1.0×1×30 K s S13 250.1 13.280±0.014 0.021±0.060 A
56189.16 2012-09-19 089.D-0366(A) ADAM 3.0×10×5 K s S13 71.9 13.273±0.011 0.679±0.046 C
102157 53353.03 2004-12-14 074.D-0180(A) IVANOV 1.0×50×9 IB2.18 S27 86.9 27.103±0.019 -0.025±0.048 A
105164 53511.39 2005-05-21 075.C-0475(A) OUDMAIJER 1.0×12×5 NB2.17 S13 70.3 13.269±0.080 -0.202±0.334 A
53512.42 2005-05-22 075.C-0475(A) OUDMAIJER 1.0×12×7 NB2.17 S13 77.0 13.288±0.073 -0.024±0.309 A
105842 54685.22 2008-08-07 081.C-0519(A) PATIENCE 3.0×3×6 H S13 65.2 13.270±0.000 0.025±0.014 A
108874 53510.42 2005-05-20 075.C-0475(A) OUDMAIJER 0.35×35×5 NB2.17 S13 73.1 13.243±0.094 -0.007±0.401 A
109139 54699.27 2008-08-21 081.C-0653(A) LAGRANGE 0.35×30×10 K s S27 77.5 27.152±0.038 0.006±0.081 A
55070.18 2009-08-27 083.C-0151(A) LAGRANGE 0.35×30×10 K s S27 82.0 27.155±0.039 0.007±0.081 A
110672 53510.43 2005-05-20 075.C-0475(A) OUDMAIJER 0.35×35×5 NB2.17 S13 71.7 13.253±0.093 -0.033±0.412 A
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112542 53741.03 2006-01-06 076.D-0108(A) IVANOV 4.0×15×9 K s S27 159.6 27.145±0.038 0.067±0.081 A
54359.14 2007-09-16 080.D-0348(A) IVANOV 0.3454×148×9 K s S27 86.3 27.178±0.039 0.017±0.081 A
112781 53742.03 2006-01-07 076.D-0108(A) IVANOV 10.0×5×9 IB2.18 S27 80.8 27.156±0.011 0.013±0.023 A
113031 53298.07 2004-10-20 074.D-0374(A) HUBRIG 3.8×13×25 K s S13 94.5 13.251±0.011 -0.040±0.048 A
54363.15 2007-09-20 080.D-0348(A) IVANOV 0.3454×148×9 K s S27 106.2 27.169±0.035 0.003±0.073 A
113889 53510.44 2005-05-20 075.C-0475(A) OUDMAIJER 0.35×35×5 NB2.17 S13 71.2 13.255±0.087 -0.075±0.356 A
116231 53296.13 2004-10-18 074.D-0374(A) HUBRIG 1.5×35×20 K s S13 77.0 13.261±0.012 -0.020±0.052 A
53297.11 2004-10-19 074.D-0374(A) HUBRIG 1.5×35×20 K s S13 82.9 13.257±0.013 -0.025±0.054 A
56188.16 2012-09-18 089.D-0366(A) ADAM 1.5×35×20 K s S13 80.3 13.285±0.019 0.006±0.081 A
117089 53699.02 2005-11-25 076.D-0108(A) IVANOV 1.0×50×9 IB2.18 S27 76.1 27.168±0.037 0.029±0.080 A
117315 53700.04 2005-11-26 076.D-0108(A) IVANOV 2.0×25×9 IB2.18 S27 76.1 27.144±0.038 -0.049±0.081 A
117629 53285.16 2004-10-07 074.D-0180(A) IVANOV 2.5×20×9 IB2.18 S27 77.5 27.104±0.038 0.003±0.079 A
120402 53731.36 2005-12-27 076.C-0170(A) HUBRIG 0.5×120×10 K s S13 72.9 13.260±0.016 0.021±0.065 A
Note. The total exposure time is the product of DIT(s)×NDIT×NExp.











Table A3. Absolute astrometric results for stars with more than one observation
HIP MJD Ref. Sep Sepbg Sign.
a Sign. orb. PAb PAbg Sign.
a Sign. orb. Pχ,bg Pχ,cmv
(days) (arcsec) (arcsec) not Backg. motion (deg) (deg) not Backg. motion
Θ± δΘ Θbg ± δΘ,bg σΘ,bg σΘ,orb. PA±δPA PAbg ± δPA, bg σPA,bg σPA,orb. (%) (%)
Binaries
2548 51065.000 Mason et al. (2001) 0.274±0.001 0.489±0.005 45.5 51.3 284.4±0.1 335.9±0.6 86.5 88.8 0.00 0.00
51466.000 Horch et al. (2000) 0.29±0.01 0.445±0.004 14.4 6.8 278.1±0.1 333.4±0.6 93.3 53.8
51477.000 Mason et al. (2001) 0.270±0.001 0.444±0.004 41.3 47.4 283.1±0.1 333.4±0.6 84.8 81.5
52872.000 Horch et al. (2008) 0.283±0.001 0.310±0.002 11.0 60.1 279.4±0.1 316.5±0.5 67.7 61.0
53297.000 Mason et al. (2006) 0.30±0.05 0.273±0.002 0.5 1.6 281.4±0.1 309.3±0.5 54.4 72.1
53710.049 (1) 0.2710±0.0009 0.245±0.001 17.3 52.6 278.0±0.2 299.9±0.4 45.5 38.9
54359.246 (1) 0.241±0.001 0.2247±0.0004 14.8 18.7 275.6±0.2 280.6±0.3 15.4 31.2
54746.000 Tokovinin et al. (2010) 0.2217±0.0002 c c c 268.4±0.1 c c c
15627 48475.000 Fabricius et al. (2002) 0.990±0.007 1.04±0.01 3.2 13.2 228.2±0.6 192.4±0.9 32.8 12.3 0.00 0.00
54024.221 (1) 0.874±0.005 c c c 218.4±0.5 c c c
16511 53376.049 (1) 0.128±0.003 0.541±0.005 75.2 13.6 110.1±1.0 133.0±0.2 20.2 1.7 0.00 0.00
53700.139 (1) 0.143±0.002 0.493±0.005 69.7 11.0 112.6±0.3 131.9±0.3 46.0 5.9
55798.407 (1) 0.189±0.004 c c c 107.8±0.7 c c c
16803 48348.000 ESA (1997) 0.15±0.01 0.61±0.01 22.1 2.4 65.0±0.5 -0.9±0.9 65.8 22.9 0.00 0.00
53379.102 (1) 0.195±0.001 0.213±0.007 2.7 0.9 84.0±0.2 40.7±0.6 72.4 38.7
54105.000 Horch et al. (2010) 0.193±0.005 0.188±0.006 0.7 0.4 79.6±0.1 58.6±0.3 57.8 20.5
54363.350 (1) 0.229±0.005 0.189±0.005 5.2 5.3 80.9±1.0 66.6±0.2 14.3 4.3
54373.246 (1) 0.198±0.001 0.188±0.005 1.8 1.6 78.4±0.3 66.8±0.2 28.1 4.7
54722.000 Horch et al. (2012) 0.190±0.005 c c c 76.7±0.1 c c c
20020 48348.000 Fabricius et al. (2002) 4.130±0.006 4.322±0.008 19.6 7.8 3.0±0.1 13.3±0.1 63.6 6.7 0.00 0.00
53347.154 (1) 4.102±0.005 4.167±0.004 11.1 4.2 2.56±0.06 7.21±0.06 57.3 4.0
54363.374 (1) 4.115±0.007 4.142±0.003 3.7 4.6 1.94±0.08 5.87±0.04 42.5 4.7
54373.288 (1) 4.113±0.004 4.142±0.003 6.0 7.7 1.94±0.03 5.87±0.04 76.4 12.4
57023.000 GAIA 4.0830±0.0006 c c c 2.329±0.006 c c c
20042 51268.000 Hubrig et al. (2001) 5.32±0.05 5.848±0.009 10.4 2.2 162.5±0.1 154.94±0.06 64.9 0.1 0.00 0.68
53690.201 (1) 5.389±0.005 5.638±0.009 23.4 3.9 162.16±0.06 158.58±0.05 43.9 4.4
56189.188 (1) 5.431±0.009 c c c 162.51±0.05 c c c
20554 38782.000 Knipe et al. (1969) 6.17±0.05 d d d 42.5±0.1 d d d 0.00 8.39
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51171.000 Cutri et al. (2003) 6.2±0.1 5.81±0.07 3.2 0.3 42.4±0.1 39.5±0.3 10.0 0.7
53266.307 (1) 6.319±0.005 5.75±0.07 8.0 3.0 42.0±0.1 39.0±0.3 9.2 3.5
20804 48585.000 Hartkopf et al. (1994) 0.148±0.005 0.13±0.02 1.3 1.1 108.1±0.1 203.1±9.0 11.1 513.8 0.00 0.00
53409.032 (1) 0.112±0.003 0.057±0.007 7.4 7.1 25.1±0.9 321.1±7.0 42.4 310.9
56189.333 (1) 0.127±0.005 0.138±0.003 1.9 2.5 351.0±0.4 348.0±0.5 4.7 3.9
56296.083 (1) 0.142±0.003 c c c 348.6±0.5 c c c
23794 51268.000 Hubrig et al. (2001) 1.61±0.05 1.466±0.006 2.9 0.5 307.4±0.1 312.7±0.2 23.1 18.0 0.00 0.05
53286.342 (1) 1.600±0.005 1.519±0.004 13.9 2.4 308.3±0.2 311.6±0.1 16.2 7.3
56296.100 (1) 1.588±0.002 c c c 309.50±0.06 c c c
24196 47307.000 Wycoff et al. (2006) 0.101±0.005 d d d 333.4±0.1 d d d 0.00 0.00
51096.000 Balega et al. (2002) 0.14±0.02 0.06±0.01 3.2 1.6 351.4±0.5 295.0±7.0 8.4 35.3
53347.205 (1) 0.1456±0.0005 0.06±0.01 5.6 8.9 345.1±0.2 257.9±10.0 8.1 49.5
54748.000 Tokovinin et al. (2010) 0.2±0.1 0.07±0.02 0.8 0.5 341.6±0.2 239.8±10.0 9.3 36.7
55549.000 Hartkopf et al. (2012) 0.2±0.2 0.08±0.02 0.4 0.3 339.8±0.1 232.4±10.0 10.3 45.3
24305 53374.161 (1) 0.370±0.003 0.590±0.003 46.5 70.5 250.2±0.2 183.7±0.4 151.8 130.0 0.00 0.00
56269.305 (1) 0.6172±0.0009 c c c 221.93±0.07 c c c
24825 53471.968 (1) 0.287±0.004 d d d 297.0±0.6 d d d 0.24 0.00
56189.401 (1) 0.299±0.001 0.276±0.005 4.2 2.9 289.1±0.2 282.5±0.9 6.9 12.7
25365 53380.142 (1) 0.2994±0.0003 0.353±0.005 10.6 7.0 174.15±0.06 179.4±0.8 6.9 28.0 0.00 0.00
54747.000 Tokovinin et al. (2010) 0.3±0.1 0.341±0.004 0.3 0.1 175.4±0.1 178.6±0.4 7.6 14.6
55220.000 Mason et al. (2011) 0.322±0.005 0.334±0.004 1.9 0.8 176.1±0.1 178.1±0.3 6.8 9.7
56189.297 (1) 0.327±0.004 c c c 177.5±0.1 c c c
26215 48348.000 Fabricius et al. (2002) 2.82±0.04 2.723±0.006 2.7 0.6 351.6±0.7 352.0±0.2 0.5 0.4 7.09 82.16
53348.200 (1) 2.799±0.002 c c c 351.90±0.04 c c c
26235 51477.000 Mason et al. (2001) 0.38±0.01 0.41±0.01 2.2 2.3 293.0±0.1 298.1±0.6 8.0 9.2 0.00 0.00
53687.000 Mason et al. (2009) 0.39±0.01 0.41±0.01 1.3 1.4 278.9±0.1 296.0±0.3 48.6 108.9
53805.000 Mason et al. (2009) 0.38±0.01 0.41±0.01 2.0 2.2 293.3±0.1 296.0±0.3 8.1 7.1
54452.075 (1) 0.403±0.002 0.41±0.01 0.8 0.8 292.4±0.5 295.3±0.2 5.1 3.5
54482.000 Maiz Apellaniz (2010) 0.40±0.02 0.41±0.01 0.8 0.8 295.1±0.6 295.3±0.2 0.4 1.4
55549.000 Hartkopf et al. (2012) 0.41±0.01 c c c 294.3±0.1 c c c
26602 48475.000 Fabricius et al. (2002) 0.600±0.006 0.53±0.01 4.9 1.5 153.8±0.6 171.7±1.0 12.6 8.9 0.00 0.00
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HIP MJD Ref. Sep Sepbg Sign.
a Sign. orb. PAb PAbg Sign.
a Sign. orb. Pχ,bg Pχ,cmv
(days) (arcsec) (arcsec) not Backg. motion (deg) (deg) not Backg. motion
Θ± δΘ Θbg ± δΘ,bg σΘ,bg σΘ,orb. PA±δPA PAbg ± δPA, bg σPA,bg σPA,orb. (%) (%)
53434.070 (1) 0.598±0.003 0.566±0.005 5.8 2.5 157.5±0.6 163.4±0.4 8.2 2.9
56189.379 (1) 0.5907±0.0005 c c c 159.18±0.05 c c c
28744 48348.000 ESA (1997) 0.57±0.04 0.65±0.02 1.7 0.2 274.0±0.1 280.6±1.0 4.8 20.8 0.00 0.00
51185.000 Horch et al. (2002) 0.585±0.005 0.62±0.01 2.7 4.8 270.8±0.1 277.4±0.9 7.1 2.7
53456.004 (1) 0.582±0.003 0.589±0.006 1.1 6.1 271.0±0.3 274.7±0.5 6.0 0.5
56189.324 (1) 0.560±0.001 c c c 271.17±0.09 c c c
29401 48578.000 Fabricius et al. (2002) 0.720±0.008 0.77±0.02 3.0 7.6 199.4±0.6 212.0±1.0 9.4 6.8 0.00 0.00
53741.177 (1) 0.689±0.001 0.693±0.005 0.9 17.9 203.0±0.1 206.6±0.4 8.0 4.2
56269.323 (1) 0.659±0.001 c c c 203.48±0.06 c c c
29728 53470.975 (1) 0.395±0.003 0.388±0.003 1.6 1.3 277.8±0.5 263.3±0.4 24.0 9.5 0.00 0.00
56189.360 (1) 0.3905±0.0007 c c c 282.5±0.1 c c c
30493 48512.000 Fabricius et al. (2002) 0.80±0.01 0.73±0.02 3.6 11.7 271.2±0.8 261.8±1.0 6.8 3.2 0.00 0.00
53435.117 (1) 0.714±0.002 0.696±0.006 2.8 15.7 273.0±0.5 269.3±0.4 5.6 1.4
56189.395 (1) 0.6829±0.0006 c c c 273.78±0.06 c c c
30867 48541.000 Fabricius et al. (2002) 7.150±0.005 7.05±0.03 3.8 4.2 132.7±0.1 133.8±0.2 4.6 0.7 0.00 0.00
48559.000 Jasinta et al. (1995) 7.166±0.008 7.05±0.03 4.3 4.8 132.70±0.07 133.7±0.2 4.8 0.9
53469.984 (1) 7.14±0.06 7.09±0.01 0.8 0.3 132.4±0.5 133.03±0.09 1.3 0.4
54140.000 Mason et al. (2008) 7.13±0.01 7.097±0.009 2.4 1.1 132.6±0.1 132.91±0.07 2.6 0.2
54779.000 Hartkopf et al. (2011) 7.103±0.005 7.103±0.008 0.1 1.8 132.4±0.1 132.82±0.06 3.6 2.1
55851.000 Mason et al. (2012) 6.89±0.01 7.114±0.006 19.0 19.5 132.8±0.1 132.67±0.05 1.2 1.6
56189.317 (1) 7.117±0.006 c c c 132.63±0.05 c c c
31137 28534.000 WDS 2.4±0.1 2.44±0.03 0.4 0.5 231.0±0.5 233.1±0.8 2.2 3.8 90.44 73.07
48348.000 Fabricius et al. (2002) 2.48±0.02 2.442±0.008 1.6 1.3 229.9±0.5 230.4±0.2 0.8 1.6
53470.984 (1) 2.45±0.01 2.444±0.003 0.4 0.1 229.5±0.3 229.6±0.1 0.4 1.4
56189.351 (1) 2.451±0.002 c c c 229.10±0.08 c c c
31959 54409.342 (1) 1.695±0.006 1.73±0.01 3.0 0.5 326.8±0.5 327.5±0.3 1.0 0.9 65.09 91.68
54470.143 (1) 1.695±0.006 1.73±0.01 3.0 0.5 326.7±0.5 327.5±0.3 1.3 1.1
56266.100 (1) 1.70±0.01 c c c 327.4±0.3 c c c
34045 53408.131 (1) 0.3353±0.0006 0.359±0.002 12.2 2.9 114.9±0.2 115.0±0.3 0.3 61.4 0.00 0.00
56298.140 (1) 0.3321±0.0009 c c c 100.6±0.1 c c c
34338 53408.163 (1) 3.664±0.004 3.680±0.005 2.6 7.0 345.52±0.06 344.39±0.08 11.4 11.1 0.00 0.00
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HIP MJD Ref. Sep Sepbg Sign.
a Sign. orb. PAb PAbg Sign.
a Sign. orb. Pχ,bg Pχ,cmv
(days) (arcsec) (arcsec) not Backg. motion (deg) (deg) not Backg. motion
Θ± δΘ Θbg ± δΘ,bg σΘ,bg σΘ,orb. PA±δPA PAbg ± δPA, bg σPA,bg σPA,orb. (%) (%)
56296.212 (1) 3.704±0.004 c c c 346.48±0.06 c c c
34758 53413.189 (1) 13.72±0.02 13.72±0.02 0.1 2.3 348.03±0.09 347.50±0.08 4.4 4.0 17.03 2.42
54425.348 (1) 13.65±0.02 c c c 347.55±0.08 c c c
36345 48475.000 Fabricius et al. (2002) 8.90±0.06 8.82±0.01 1.3 0.3 53.6±0.1 52.2±0.5 2.7 0.9 69.26 97.54
51216.000 Hartkopf et al. (2013) 9.0±0.2 8.87±0.01 0.5 0.2 53.5±2.0 52.6±0.5 0.5 0.2
54839.338 (1) 8.919±0.009 c c c 53.1±0.5 c c c
36363 53384.187 (1) 5.49±0.01 5.54±0.01 2.6 1.8 299.6±0.2 299.08±0.08 2.8 3.5 27.91 11.57
54427.198 (1) 5.46±0.01 c c c 298.96±0.08 c c c
37322 48530.000 Fabricius et al. (2002) 1.320±0.008 0.891±0.005 46.4 4.6 151.7±0.4 160.4±0.3 17.6 5.9 0.00 0.00
50141.000 Horch et al. (2001) 1.22±0.01 0.988±0.004 22.2 5.7 149.2±0.1 156.4±0.2 32.5 0.8
53384.200 (1) 1.281±0.002 1.207±0.002 26.7 0.3 149.81±0.08 150.63±0.07 7.5 5.0
54412.365 (1) 1.282±0.002 c c c 149.29±0.06 c c c
37915 53384.257 (1) 0.1821±0.0006 0.225±0.004 9.6 0.4 15.3±0.3 -10.3±0.5 48.8 18.1 0.00 0.00
54427.184 (1) 0.184±0.004 c c c 4.9±0.5 c c c
40817 53415.171 (1) 1.417±0.001 1.500±0.002 33.2 6.4 9.33±0.06 6.14±0.07 36.1 10.6 0.00 0.00
54451.318 (1) 1.401±0.003 1.405±0.002 1.3 0.5 8.6±0.1 8.47±0.05 1.3 0.9
54467.291 (1) 1.403±0.002 c c c 8.52±0.05 c c c
41049 48348.000 Fabricius et al. (2002) 10.31±0.03 d d d 54.5±0.1 d d d 71.74 96.69
51204.000 Hartkopf et al. (2013) 10.32±0.05 10.34±0.03 0.4 0.1 54.9±0.4 54.2±0.1 1.7 1.0
53099.999 (1) 10.30±0.01 10.36±0.03 1.6 0.3 54.7±0.5 54.0±0.1 1.4 0.5
41817 53413.218 (1) 0.322±0.001 0.432±0.009 12.4 7.9 302.8±0.2 251.6±0.7 68.2 50.5 0.00 0.00
54425.296 (1) 0.3379±0.0008 0.380±0.007 5.8 4.9 297.8±0.1 263.1±0.6 60.6 42.5
54927.000 Tokovinin et al. (2010) 0.344±0.001 0.374±0.007 4.5 3.6 295.6±0.2 270.0±0.4 53.7 23.3
55576.000 Hartkopf et al. (2012) 0.354±0.002 0.360±0.006 0.9 1.5 293.6±0.1 279.2±0.3 49.7 22.6
56340.000 Tokovinin et al. (2014) 0.363±0.005 c c c 290.4±0.1 c c c
41843 53404.245 (1) 0.676±0.003 0.600±0.006 11.2 1.8 332.1±0.3 321.7±0.7 13.8 0.5 0.00 64.51
56326.142 (1) 0.665±0.005 c c c 332.4±0.5 c c c
42129 48444.000 ESA (1997) 0.63±0.01 1.063±0.005 35.2 2.7 294.0±0.1 299.6±0.3 19.0 45.6 0.00 0.00
53738.190 (1) 0.6587±0.0009 0.711±0.002 24.2 2.4 301.2±0.1 301.3±0.1 0.4 2.4
54451.330 (1) 0.664±0.002 c c c 301.6±0.1 c c c
42177 51268.000 Hubrig et al. (2001) 0.60±0.05 0.580±0.001 0.5 0.7 221.2±0.1 229.7±0.1 48.5 12.5 5.74 54.49
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HIP MJD Ref. Sep Sepbg Sign.
a Sign. orb. PAb PAbg Sign.
a Sign. orb. Pχ,bg Pχ,cmv
(days) (arcsec) (arcsec) not Backg. motion (deg) (deg) not Backg. motion
Θ± δΘ Θbg ± δΘ,bg σΘ,bg σΘ,orb. PA±δPA PAbg ± δPA, bg σPA,bg σPA,orb. (%) (%)
53404.271 (1) 0.5679±0.0005 c c c 219.79±0.05 c c c
42334 53434.185 (1) 3.210±0.006 3.153±0.006 6.4 0.5 10.9±0.1 9.6±0.1 7.0 0.8 0.05 85.09
54508.151 (1) 3.205±0.007 c c c 10.8±0.1 c c c
42540 48348.000 Fabricius et al. (2002) 4.47±0.01 3.803±0.009 38.2 6.7 66.7±0.2 59.7±0.1 28.5 1.7 0.00 0.00
51237.000 Cutri et al. (2003) 4.120±0.005 4.161±0.007 4.7 55.6 66.4±0.1 63.6±0.1 19.2 5.0
53375.255 (1) 4.564±0.007 4.437±0.006 13.6 1.7 67.43±0.09 65.99±0.09 11.1 2.8
54451.341 (1) 4.580±0.007 c c c 67.08±0.09 c c c
42715 53742.219 (1) 0.587±0.001 0.528±0.001 32.8 1.8 162.28±0.08 166.5±0.1 29.5 5.3 0.00 1.70
54509.215 (1) 0.590±0.001 c c c 162.93±0.09 c c c
43305 51268.000 Hubrig et al. (2001) 1.34±0.05 1.481±0.003 2.8 0.6 165.8±0.1 176.2±0.1 63.8 17.2 0.00 0.00
53379.290 (1) 1.315±0.001 1.363±0.002 17.4 2.0 167.48±0.06 171.1±0.1 32.5 5.9
54509.232 (1) 1.309±0.002 c c c 168.11±0.09 c c c
43792 48501.000 Fabricius et al. (2002) 2.05±0.01 2.34±0.01 17.6 15.6 305.5±0.4 303.4±0.2 4.4 4.7 0.00 0.00
52659.321 (1) 2.2523±0.0004 c c c 303.61±0.02 c c c
44299 53750.090 (1) 10.47±0.01 10.51±0.01 2.0 1.9 222.84±0.07 222.49±0.09 3.0 5.2 46.15 1.96
54451.354 (1) 10.51±0.01 c c c 222.24±0.09 c c c
44798 49670.000 Mason et al. (1999) 0.311±0.005 0.424±0.008 12.2 16.3 106.2±0.1 173.0±0.4 180.6 37.5 0.00 0.00
49772.000 Mason et al. (1999) 0.310±0.005 0.419±0.008 11.9 16.1 106.9±0.1 172.4±0.4 177.0 32.5
50052.000 Mason et al. (1999) 0.304±0.005 0.404±0.007 11.1 15.1 106.6±0.1 171.3±0.4 174.3 34.6
50400.000 Mason et al. (1999) 0.300±0.005 0.385±0.007 9.8 14.4 107.6±0.1 169.5±0.4 166.1 27.6
50496.000 Mason et al. (1999) 0.301±0.005 0.380±0.007 9.2 14.6 106.4±0.1 168.8±0.4 167.2 36.1
53380.279 (1) 0.2684±0.0004 0.252±0.004 3.7 17.3 109.47±0.08 144.6±0.4 95.0 16.0
55167.000 Balega et al. (2012) 0.222±0.002 0.216±0.003 1.5 1.7 112.2±0.5 118.0±0.2 10.9 1.4
55550.000 Hartkopf et al. (2012) 0.216±0.003 c c c 111.5±0.1 c c c
44883 48348.000 Fabricius et al. (2002) 1.28±0.04 1.60±0.01 7.7 0.5 296.0±1.0 291.5±0.3 3.7 2.9 0.00 66.84
51268.000 Hubrig et al. (2001) 1.30±0.05 1.454±0.007 3.1 0.0 298.5±0.2 294.8±0.2 13.1 4.4
53382.271 (1) 1.293±0.002 1.352±0.003 15.1 2.5 299.34±0.09 297.8±0.1 10.3 1.1
53516.000 Hubrig et al. (2007) 1.30±0.07 1.345±0.003 0.6 0.0 299.0±2.0 298.0±0.1 0.5 0.2
54468.304 (1) 1.301±0.002 c c c 299.5±0.1 c c c
45189 44339.000 Jasinta et al. (1995) 2.74±0.01 d d d 282.0±0.2 d d d 0.00 0.00
47878.000 Jasinta et al. (1994) 2.782±0.008 2.92±0.02 7.0 2.5 281.3±0.1 285.8±0.3 14.3 3.1
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HIP MJD Ref. Sep Sepbg Sign.
a Sign. orb. PAb PAbg Sign.
a Sign. orb. Pχ,bg Pχ,cmv
(days) (arcsec) (arcsec) not Backg. motion (deg) (deg) not Backg. motion
Θ± δΘ Θbg ± δΘ,bg σΘ,bg σΘ,orb. PA±δPA PAbg ± δPA, bg σPA,bg σPA,orb. (%) (%)
47973.000 Jasinta et al. (1995) 2.77±0.01 2.92±0.02 7.3 1.6 281.7±0.2 285.8±0.3 12.9 1.5
48505.000 Fabricius et al. (2002) 2.810±0.005 2.94±0.02 7.0 4.6 281.5±0.1 286.4±0.3 15.8 2.5
53382.319 (1) 2.842±0.004 3.21±0.02 15.4 7.0 281.24±0.08 290.7±0.4 23.5 3.9
54467.304 (1) 2.860±0.004 3.27±0.02 16.3 8.2 280.57±0.08 291.6±0.4 26.0 7.1
54927.000 Tokovinin et al. (2010) 2.861±0.001 3.29±0.03 17.1 8.5 280.4±0.1 291.9±0.4 26.5 7.6
55994.000 Tokovinin (2012) 2.883±0.001 3.35±0.03 17.8 10.1 280.6±0.1 292.7±0.4 26.8 6.7
56340.000 Tokovinin et al. (2014) 2.887±0.001 3.37±0.03 18.2 10.4 280.6±0.1 293.0±0.4 27.0 6.7
45314 53355.364 (1) 2.726±0.004 2.917±0.004 32.1 1.9 337.00±0.07 333.53±0.07 33.2 8.3 0.00 0.08
54511.144 (1) 2.736±0.006 2.850±0.004 15.6 0.1 336.3±0.1 334.60±0.07 14.4 0.9
56265.357 (1) 2.737±0.004 c c c 336.21±0.06 c c c
45344 53349.377 (1) 5.907±0.009 5.919±0.007 1.1 0.6 13.65±0.07 12.32±0.07 13.2 4.9 0.00 1.67
54511.158 (1) 5.900±0.007 c c c 13.16±0.07 c c c
46283 53750.263 (1) 0.341±0.002 0.312±0.005 5.6 1.5 159.2±0.3 160.1±0.3 2.4 10.7 2.33 0.00
54475.312 (1) 0.348±0.005 c c c 155.4±0.2 c c c
46329 48497.000 Fabricius et al. (2002) 0.540±0.005 0.79±0.01 19.2 1.3 275.9±0.6 271.8±0.6 4.8 7.1 0.00 0.00
53454.111 (1) 0.548±0.003 c c c 280.8±0.3 c c c
46914 48512.000 Fabricius et al. (2002) 2.020±0.004 2.217±0.008 22.3 0.5 217.8±0.2 229.3±0.2 39.4 8.9 0.00 0.00
49396.000 Abad et al. (1995) 1.89±0.08 2.182±0.007 3.6 1.7 216.7±3.0 228.0±0.2 4.4 1.2
53442.136 (1) 2.018±0.003 2.052±0.003 8.0 1.1 219.76±0.08 221.54±0.06 17.3 1.3
54535.108 (1) 2.022±0.002 c c c 219.64±0.05 c c c
46928 53778.238 (1) 0.594±0.001 0.591±0.004 0.6 3.2 189.6±0.1 194.9±0.3 17.3 4.4 0.00 0.16
54475.332 (1) 0.606±0.004 c c c 188.2±0.3 c c c
48943 48348.000 ESA (1997) 0.53±0.03 0.715±0.009 5.3 0.6 360.0±0.1 324.6±0.8 45.1 19.5 0.00 0.00
53493.025 (1) 0.507±0.004 c c c 351.8±0.4 c c c
50847 53779.196 (1) 2.222±0.002 2.306±0.002 26.7 0.2 350.18±0.06 347.60±0.06 31.0 0.4 0.00 96.08
55673.115 (1) 2.221±0.002 c c c 350.22±0.06 c c c
51362 53185.016 (1) 5.155±0.009 5.07±0.01 5.8 0.8 70.4±0.1 70.3±0.1 0.4 0.2 12.11 92.29
53846.122 (1) 5.17±0.01 c c c 70.4±0.1 c c c
52742 53794.080 (1) 1.056±0.005 1.055±0.005 0.3 0.4 8.49±0.07 6.10±0.06 27.2 3.4 0.00 35.24
54483.355 (1) 1.059±0.004 c c c 8.19±0.06 c c c
53272 48531.000 Fabricius et al. (2002) 1.510±0.005 1.980±0.009 45.9 2.9 287.9±0.2 283.4±0.2 15.3 0.6 0.00 0.06











Table A3 – Continued from previous page
HIP MJD Ref. Sep Sepbg Sign.
a Sign. orb. PAb PAbg Sign.
a Sign. orb. Pχ,bg Pχ,cmv
(days) (arcsec) (arcsec) not Backg. motion (deg) (deg) not Backg. motion
Θ± δΘ Θbg ± δΘ,bg σΘ,bg σΘ,orb. PA±δPA PAbg ± δPA, bg σPA,bg σPA,orb. (%) (%)
53779.256 (1) 1.521±0.001 1.580±0.002 28.4 2.3 288.27±0.06 287.13±0.06 13.5 6.3
54511.296 (1) 1.525±0.001 c c c 287.78±0.05 c c c
54557 53794.134 (1) 0.786±0.002 d d d 327.08±0.09 d d d 0.00 0.00
53820.400 (1) 0.787±0.002 0.786±0.002 0.4 0.4 326.8±0.2 327.15±0.09 1.7 1.4
54160.099 (1) 0.784±0.003 0.775±0.002 2.9 0.5 326.6±0.1 328.4±0.1 12.5 3.4
54516.213 (1) 0.783±0.003 0.765±0.002 5.2 0.9 326.1±0.1 329.8±0.1 19.8 6.6
55605.340 (1) 0.783±0.002 0.736±0.004 10.6 1.3 324.3±0.1 334.3±0.3 27.5 19.0
55597 44268.000 Jasinta et al. (1995) 2.42±0.01 3.11±0.01 45.8 7.1 306.5±0.2 304.4±0.2 7.1 10.7 0.00 0.00
47214.000 Jasinta et al. (1994) 2.356±0.009 2.933±0.008 46.7 14.2 307.6±0.2 305.6±0.1 7.5 5.7
48521.000 Fabricius et al. (2002) 2.430±0.005 2.860±0.007 49.5 10.5 308.4±0.1 306.2±0.1 14.4 5.7
53752.367 (1) 2.488±0.002 2.534±0.003 13.2 0.1 309.33±0.05 308.54±0.03 13.4 6.1
54520.280 (1) 2.488±0.002 c c c 308.98±0.02 c c c
55657 53741.381 (1) 6.168±0.004 6.136±0.008 3.7 1.8 115.52±0.06 115.5±0.1 0.4 2.4 61.73 17.52
54520.291 (1) 6.183±0.008 c c c 115.2±0.1 c c c
58326 51690.000 Shatsky et al. (2002) 4.94±0.05 4.854±0.005 1.8 0.1 138.6±0.1 138.77±0.06 1.5 14.5 15.62 0.00
53779.305 (1) 4.950±0.005 4.927±0.005 3.4 0.1 137.71±0.05 137.41±0.06 4.0 10.4
54475.341 (1) 4.950±0.005 c c c 136.95±0.05 c c c
60189 31821.000 Dommanget et al. (2000) 11.2±0.1 10.10±0.03 10.6 53.7 66.0±0.5 71.4±0.1 10.6 14.2 0.00 0.00
53407.377 (1) 16.73±0.02 c c c 73.21±0.09 c c c
60449 53413.287 (1) 0.684±0.006 0.788±0.002 16.9 5.4 320.4±0.7 311.0±0.1 13.3 2.1 0.00 1.43
54510.354 (1) 0.716±0.002 c c c 318.9±0.1 c c c
61789 51268.000 Hubrig et al. (2001) 1.19±0.05 0.921±0.002 5.4 0.2 75.0±0.1 78.4±0.1 24.1 9.3 0.00 31.13
53404.299 (1) 1.202±0.001 c c c 73.90±0.06 c c c
62026 51664.000 Kouwenhoven et al. (2005) 0.22±0.05 0.199±0.003 0.4 0.2 12.5±0.3 -34.0±1.0 42.9 7.2 0.00 34.64
53102.133 (1) 0.232±0.002 c c c 6.3±0.8 c c c
63005 53397.384 (1) 0.192±0.009 0.216±0.007 2.0 1.0 88.9±1.0 196.0±0.4 86.4 36.0 0.00 0.00
55690.051 (1) 0.204±0.006 c c c 134.3±0.4 c c c
63945 51690.000 Shatsky et al. (2002) 1.55±0.02 1.698±0.008 8.3 0.1 268.2±0.2 264.3±0.3 10.1 4.0 0.00 2.31
53454.210 (1) 1.550±0.007 c c c 266.7±0.3 c c c
64515 51696.000 Kouwenhoven et al. (2005) 0.31±0.01 0.407±0.003 9.2 1.6 165.7±0.1 188.5±0.4 55.6 52.3 0.00 0.00
53436.294 (1) 0.323±0.002 0.3336±0.0008 5.5 1.8 159.7±0.3 163.6±0.1 11.8 6.7
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HIP MJD Ref. Sep Sepbg Sign.
a Sign. orb. PAb PAbg Sign.
a Sign. orb. Pχ,bg Pχ,cmv
(days) (arcsec) (arcsec) not Backg. motion (deg) (deg) not Backg. motion
Θ± δΘ Θbg ± δΘ,bg σΘ,bg σΘ,orb. PA±δPA PAbg ± δPA, bg σPA,bg σPA,orb. (%) (%)
53778.374 (1) 0.3265±0.0006 c c c 157.5±0.1 c c c
67472 51634.000 Shatsky et al. (2002) 4.64±0.05 4.76±0.02 2.5 0.0 304.2±0.1 300.1±0.1 26.0 1.6 0.00 97.66
53454.224 (1) 4.62±0.03 4.70±0.02 2.8 0.6 304.3±0.3 301.8±0.1 6.8 0.9
55690.020 (1) 4.64±0.02 c c c 304.0±0.1 c c c
67669 44369.000 Jasinta et al. (1995) 7.859±0.005 7.26±0.02 25.2 1.7 106.55±0.04 112.7±0.2 36.8 10.6 0.00 0.00
48348.000 Fabricius et al. (2002) 7.850±0.005 7.50±0.02 20.2 1.1 106.0±0.1 109.4±0.1 22.4 3.6
53404.327 (1) 7.84±0.01 c c c 105.53±0.09 c c c
67703 48348.000 Fabricius et al. (2002) 18.11±0.02 18.49±0.05 6.9 0.5 288.7±0.1 287.2±0.1 8.7 0.5 0.00 0.00
50948.000 Hartkopf et al. (2013) 17.88±0.01 18.27±0.05 7.7 4.0 286.9±0.1 288.0±0.1 6.8 11.2
53144.000 Sinachopoulos et al. (2007) 18.35±0.03 18.09±0.05 4.8 4.9 288.53±0.02 288.8±0.1 1.8 1.9
53185.155 (1) 18.08±0.05 c c c 288.8±0.1 c c c
70915 51317.000 Cutri et al. (2003) 10.72±0.05 10.86±0.01 2.6 0.6 309.5±0.5 307.22±0.07 4.5 0.4 0.00 14.83
53791.380 (1) 10.74±0.01 10.77±0.01 1.7 0.5 309.82±0.08 308.83±0.07 9.6 5.0
54518.402 (1) 10.75±0.01 c c c 309.30±0.07 c c c
71762 48348.000 Fabricius et al. (2002) 5.550±0.004 d d d 109.8±0.1 d d d 0.00 0.15
49876.000 Popovic et al. (1997) 5.56±0.01 5.532±0.008 2.1 0.9 109.71±0.05 110.4±0.1 4.4 0.8
52381.000 Mason et al. (2004) 5.49±0.01 5.50±0.02 0.4 5.6 109.8±0.1 111.4±0.2 6.3 0.0
53404.392 (1) 5.542±0.008 5.48±0.02 3.0 0.9 110.47±0.07 111.8±0.3 4.9 5.5
73111 48494.000 Fabricius et al. (2002) 2.190±0.005 2.52±0.02 18.0 5.1 277.8±0.1 269.4±0.4 21.9 0.7 0.00 0.20
53454.267 (1) 2.13±0.01 c c c 277.6±0.3 c c c
74750 48497.000 Fabricius et al. (2002) 1.31±0.01 1.253±0.008 4.4 7.8 163.3±0.4 165.4±0.4 3.8 0.8 2.05 0.00
53454.289 (1) 1.218±0.006 c c c 163.7±0.3 c c c
75264 53454.311 (1) 0.279±0.003 d d d 131.6±0.6 d d d 0.00 0.00
54666.000 Tokovinin et al. (2010) 0.2688±0.0001 0.308±0.004 8.7 3.5 119.9±0.1 112.9±0.8 8.8 18.2
54927.000 Tokovinin et al. (2010) 0.2639±0.0005 0.320±0.005 11.1 5.0 117.5±0.1 110.0±0.8 8.8 22.0
55690.093 (1) 0.2454±0.0009 0.355±0.007 16.1 10.7 109.4±0.1 101.3±1.0 8.1 34.3
77840 44338.000 Jasinta et al. (1995) 2.18±0.02 2.68±0.03 14.1 6.2 271.6±0.2 249.9±0.7 30.8 9.8 0.00 0.00
48475.000 Fabricius et al. (2002) 2.130±0.005 2.43±0.02 12.3 5.8 269.3±0.2 254.8±0.6 24.0 5.0
56121.124 (1) 2.04±0.02 c c c 266.9±0.4 c c c
78968 51664.000 Kouwenhoven et al. (2005) 2.75±0.01 2.73±0.03 0.6 0.5 321.1±0.3 320.6±0.7 0.6 1.5 96.41 66.06
53130.200 (1) 2.77±0.03 c c c 322.3±0.7 c c c











Table A3 – Continued from previous page
HIP MJD Ref. Sep Sepbg Sign.
a Sign. orb. PAb PAbg Sign.
a Sign. orb. Pχ,bg Pχ,cmv
(days) (arcsec) (arcsec) not Backg. motion (deg) (deg) not Backg. motion
Θ± δΘ Θbg ± δΘ,bg σΘ,bg σΘ,orb. PA±δPA PAbg ± δPA, bg σPA,bg σPA,orb. (%) (%)
79005 48348.000 Fabricius et al. (2002) 3.34±0.04 4.04±0.01 16.2 0.2 259.0±0.7 255.2±0.2 5.2 0.2 0.00 99.99
53190.133 (1) 3.333±0.005 3.421±0.009 8.9 0.1 258.90±0.09 258.3±0.1 3.5 0.1
53852.267 (1) 3.336±0.006 3.337±0.008 0.0 0.4 258.8±0.1 258.9±0.1 0.5 0.5
53887.160 (1) 3.332±0.008 c c c 258.9±0.1 c c c
79098 51634.000 Shatsky et al. (2002) 2.36±0.03 2.364±0.006 0.2 0.2 116.6±0.8 120.0±0.2 4.2 0.1 4.09 98.73
53442.268 (1) 2.350±0.005 c c c 116.7±0.2 c c c
79230 49819.000 Ghez et al. (1997) 2.7±0.1 2.65±0.01 0.5 1.0 142.0±2.0 142.7±0.2 0.3 0.6 92.39 73.20
53105.328 (1) 2.601±0.005 c c c 140.8±0.1 c c c
79739 51696.000 Kouwenhoven et al. (2005) 0.94±0.01 0.97±0.02 1.7 1.1 118.6±0.1 124.4±1.0 6.0 0.3 12.95 80.62
53176.174 (1) 0.96±0.01 c c c 118.3±0.9 c c c
80142 51696.000 Kouwenhoven et al. (2005) 9.32±0.01 9.360±0.006 3.4 5.4 216.2±0.1 215.96±0.06 2.0 1.4 50.17 2.19
51712.000 Shatsky et al. (2002) 9.33±0.01 9.359±0.006 2.4 6.3 216.1±0.1 215.96±0.06 1.1 0.5
53130.250 (1) 9.257±0.006 c c c 216.04±0.06 c c c
80461 51696.000 Kouwenhoven et al. (2005) 0.27±0.01 0.50±0.01 14.0 2.8 285.64±0.05 211.4±0.9 79.4 116.2 0.00 0.00
56179.046 (1) 0.239±0.005 c c c 223.8±0.5 c c c
80473 44309.000 Jasnita et al. (1995) 3.117±0.006 2.50±0.03 18.0 6.8 340.6±0.1 324.5±0.7 21.3 20.1 0.00 0.00
48029.000 Jasnita et al. (1995) 3.067±0.007 2.65±0.02 16.1 3.2 338.9±0.1 328.3±0.5 20.0 13.9
48348.000 Fabricius et al. (2002) 3.080±0.004 2.67±0.02 17.0 4.5 339.4±0.1 328.6±0.5 21.4 16.5
48395.000 Jasnita et al. (1995) 3.06±0.01 2.67±0.02 13.9 2.1 339.6±0.2 328.7±0.5 20.5 14.1
56089.350 (1) 3.02±0.01 c c c 335.1±0.2 c c c
80474 51696.000 Kouwenhoven et al. (2005) 4.83±0.01 5.12±0.02 13.8 0.5 206.2±0.1 205.9±0.1 1.5 2.3 0.00 87.03
53184.170 (1) 4.8±0.1 5.01±0.02 1.8 0.0 206.0±1.0 206.2±0.1 0.1 0.5
55690.150 (1) 4.82±0.02 c c c 206.6±0.1 c c c
82902 53177.300 (1) 4.04±0.01 4.049±0.007 0.5 2.5 151.4±0.2 151.6±0.1 0.5 5.9 95.98 0.18
53895.286 (1) 4.008±0.007 c c c 150.1±0.1 c c c
87220 53454.427 (1) 7.78±0.05 7.74±0.03 0.7 0.5 327.2±0.4 327.0±0.1 0.3 0.3 93.89 95.61
55690.243 (1) 7.80±0.03 c c c 327.0±0.1 c c c
88149 53455.426 (1) 0.108±0.003 0.209±0.003 23.3 6.1 153.5±0.8 169.6±0.7 14.7 12.4 0.00 0.00
54315.000 Mason et al. (2009) 0.121±0.005 0.183±0.003 10.7 2.1 155.4±0.1 169.0±0.6 21.5 17.1
54748.000 Tokovinin et al. (2010) 0.131±0.002 0.167±0.003 10.8 0.7 160.0±0.1 168.5±0.6 14.0 10.1
54928.000 Tokovinin et al. (2010) 0.132±0.002 0.158±0.003 7.2 0.4 161.3±0.1 167.9±0.6 10.7 8.1
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HIP MJD Ref. Sep Sepbg Sign.
a Sign. orb. PAb PAbg Sign.
a Sign. orb. Pχ,bg Pχ,cmv
(days) (arcsec) (arcsec) not Backg. motion (deg) (deg) not Backg. motion
Θ± δΘ Θbg ± δΘ,bg σΘ,bg σΘ,orb. PA±δPA PAbg ± δPA, bg σPA,bg σPA,orb. (%) (%)
55690.288 (1) 0.133±0.003 c c c 166.5±0.6 c c c
88859 48348.000 Fabricius et al. (2002) 4.05±0.02 4.14±0.01 3.9 0.2 257.5±0.2 254.23±0.09 15.0 0.7 0.00 90.23
53442.364 (1) 4.046±0.004 c c c 257.35±0.05 c c c
89684 53570.203 (1) 6.47±0.01 6.48±0.02 0.5 1.3 90.8±0.5 90.7±0.1 0.3 0.0 95.69 66.57
55690.313 (1) 6.50±0.02 c c c 90.8±0.1 c c c
90096 53458.392 (1) 4.10±0.02 4.08±0.01 0.7 3.7 20.8±0.3 20.7±0.1 0.1 0.3 94.20 8.72
55690.366 (1) 4.20±0.01 c c c 20.9±0.1 c c c
90766 48501.000 Fabricius et al. (2002) 6.35±0.01 d d d 333.5±0.1 d d d 9.64 5.91
52442.000 Hartkopf et al. (2013) 6.6±0.2 6.35±0.02 1.6 1.6 333.9±0.8 333.7±0.2 0.2 0.5
55372.167 (1) 6.46±0.03 6.35±0.02 2.7 3.3 332.6±0.3 333.9±0.2 3.8 3.2
93805 54699.074 (1) 12.47±0.03 d d d 30.5±0.1 d d d 37.20 12.65
54947.291 (1) 12.51±0.04 12.54±0.03 0.5 0.8 29.7±0.2 30.4±0.1 3.4 3.8
100881 44383.000 Jasinta et al. (1995) 3.364±0.008 3.99±0.02 32.6 12.0 146.3±0.2 145.7±0.3 2.1 6.1 0.00 0.00
54769.988 (1) 3.45±0.01 3.529±0.004 6.9 1.2 146.9±0.1 147.11±0.06 1.2 3.0
56189.158 (1) 3.467±0.003 c c c 147.34±0.05 c c c
105842 48348.000 Fabricius et al. (2002) 4.68±0.02 4.94±0.02 10.2 0.5 130.9±0.2 131.2±0.2 1.1 2.3 0.00 35.26
54685.224 (1) 4.6892±0.0006 c c c 131.36±0.02 c c c
113031 53298.075 (1) 0.083±0.002 0.036±0.003 13.4 1.6 284.3±1.0 351.4±10.0 6.0 2.6 0.00 20.52
54363.151 (1) 0.073±0.006 c c c 294.5±4.0 c c c
116231 53296.128 (1) 0.642±0.001 0.040±0.002 310.9 112.0 240.74±0.07 331.0±3.0 34.3 85.6 0.00 0.00
53297.113 (1) 0.6417±0.0009 0.040±0.002 317.6 115.6 240.74±0.08 330.7±3.0 34.3 80.2
56188.158 (1) 0.825±0.001 c c c 251.1±0.1 c c c
Higher-order multiple systems
24925AB 48348.000 ESA (1997) 0.53±0.01 d d d 196.0±0.5 d d d 0.00 0.00
53379.159 (1) 0.5102±0.0008 0.48±0.02 1.3 1.5 199.66±0.08 189.8±2.0 5.6 7.2
56189.342 (1) 0.5084±0.0008 0.45±0.03 1.7 1.7 200.39±0.06 185.4±3.0 5.8 8.7
56296.120 (1) 0.5086±0.0006 0.45±0.03 1.7 1.7 199.49±0.06 185.4±3.0 5.4 6.9
24925AC 27073.000 WDS 4.4±0.1 d d d 285.0±0.5 d d d 7.97 19.72
53379.159 (1) 4.570±0.006 4.1±0.2 2.9 1.7 284.94±0.08 288.7±1.0 2.6 0.1
56189.342 (1) 4.579±0.004 4.1±0.2 3.0 1.8 284.79±0.05 289.2±2.0 2.8 0.4
56296.120 (1) 4.586±0.005 4.1±0.2 3.0 1.9 283.93±0.06 289.2±2.0 3.3 2.1
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HIP MJD Ref. Sep Sepbg Sign.
a Sign. orb. PAb PAbg Sign.
a Sign. orb. Pχ,bg Pχ,cmv
(days) (arcsec) (arcsec) not Backg. motion (deg) (deg) not Backg. motion
Θ± δΘ Θbg ± δΘ,bg σΘ,bg σΘ,orb. PA±δPA PAbg ± δPA, bg σPA,bg σPA,orb. (%) (%)
26237AB 53469.976 (1) 0.151±0.001 0.21±0.02 3.8 1.6 330.1±0.6 345.1±2.0 8.3 62.1 0.01 0.00
56189.387 (1) 0.1586±0.0006 0.168±0.007 1.3 0.1 358.2±0.1 361.0±0.5 5.9 56.9
56970.000 Tokovinin et al. (2015) 0.159±0.005 c c c 366.2±0.1 c c c
26237AC 48485.000 Fabricius et al. (2002) 1.430±0.006 1.31±0.01 7.2 36.9 208.3±0.3 197.8±1.0 10.3 13.3 0.00 0.00
53469.976 (1) 1.233±0.009 1.243±0.005 0.9 3.0 206.4±0.4 201.8±0.4 8.2 5.0
56189.387 (1) 1.205±0.001 c c c 204.27±0.05 c c c
26549AB 51465.000 Horch (2000) 0.24±0.05 0.6±0.1 2.8 0.4 106.5±0.5 52.0±10.0 4.4 49.2 0.00 0.00
53289.404 (1) 0.254±0.002 0.43±0.06 3.1 2.3 101.0±0.4 58.3±10.0 4.1 44.9
54482.000 Maiz Apellaniz, J. (2010) 0.26±0.02 0.36±0.03 2.9 0.1 94.5±0.6 64.6±8.0 3.7 21.8
54747.000 Tokovinin (2010) 0.2568±0.0001 0.34±0.02 3.5 8.9 91.3±0.1 66.5±7.0 3.4 70.0
56340.000 Tokovinin (2014) 0.2588±0.0002 c c c 81.4±0.1 c c c
26549AC 48348.000 Fabricius (2002) 12.94±0.03 13.3±0.1 3.4 2.9 84.0±0.1 82.5±0.9 1.8 0.1 0.21 0.75
52603.000 Mason (2004) 12.73±0.05 13.11±0.04 5.8 5.6 83.8±0.5 83.5±0.3 0.5 0.4
53289.404 (1) 13.00±0.03 13.08±0.03 1.9 0.9 84.0±0.2 83.7±0.2 1.2 0.2
54482.000 Maiz Apellaniz, J. (2010) 13.03±0.02 c c c 83.99±0.08 c c c
26549AD 53289.404 (1) 3.224±0.009 3.31±0.08 1.1 0.0 20.5±0.2 20.6±0.9 0.1 0.2 86.39 99.31
54482.000 Maiz Apellaniz, J. (2010) 3.22±0.04 c c c 20.3±0.7 c c c
46594AB 53753.228 (1) 12.61±0.02 12.62±0.02 0.2 1.8 167.68±0.06 167.15±0.07 5.9 7.7 5.87 0.00
54535.097 (1) 12.65±0.02 c c c 166.99±0.07 c c c
46594AC 53753.228 (1) 17.48±0.02 17.48±0.02 0.2 1.6 130.90±0.06 130.38±0.06 5.8 5.5 13.30 1.60
54535.097 (1) 17.43±0.02 c c c 130.40±0.06 c c c
51376AB 51268.000 Hubrig et al. (2001) 11.084±0.005 11.27±0.02 9.8 0.4 225.8±0.2 225.97±0.08 0.8 3.8 16.56 0.88
53405.279 (1) 11.09±0.02 11.15±0.02 2.3 0.1 225.54±0.09 225.33±0.08 1.8 4.7
53415.316 (1) 11.09±0.02 11.15±0.02 2.3 0.1 225.5±0.1 225.32±0.08 1.3 4.1
54521.197 (1) 11.09±0.02 c c c 224.98±0.08 c c c
51376AC 51268.000 Hubrig et al. (2001) 11.084±0.005 11.12±0.02 1.9 8.1 225.8±0.2 226.47±0.08 3.1 1.5 41.16 2.82
53405.279 (1) 10.93±0.02 11.00±0.02 2.8 0.5 225.92±0.09 225.83±0.08 0.7 3.7
53415.316 (1) 10.92±0.02 11.00±0.02 2.7 0.5 225.9±0.1 225.82±0.08 0.4 3.1
54521.197 (1) 10.94±0.02 c c c 225.47±0.08 c c c
54413AB 54158.304 (1) 6.823±0.007 6.82±0.02 0.0 0.3 13.62±0.06 13.5±0.1 0.6 4.1 100.00 36.56
54516.365 (1) 6.83±0.02 6.82±0.02 0.2 0.0 13.7±0.1 13.7±0.1 0.1 3.2
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HIP MJD Ref. Sep Sepbg Sign.
a Sign. orb. PAb PAbg Sign.
a Sign. orb. Pχ,bg Pχ,cmv
(days) (arcsec) (arcsec) not Backg. motion (deg) (deg) not Backg. motion
Θ± δΘ Θbg ± δΘ,bg σΘ,bg σΘ,orb. PA±δPA PAbg ± δPA, bg σPA,bg σPA,orb. (%) (%)
54882.153 (1) 6.82±0.02 6.83±0.02 0.1 0.2 13.9±0.1 13.8±0.1 0.7 1.4
55555.332 (1) 6.820±0.009 6.84±0.02 0.6 0.4 14.07±0.08 14.1±0.1 0.3 0.7
55645.122 (1) 6.83±0.02 c c c 14.2±0.1 c c c
54413AC 54158.304 (1) 4.395±0.006 4.43±0.02 2.3 2.0 302.2±0.1 302.3±0.1 0.2 2.8 99.07 83.95
54516.365 (1) 4.37±0.02 4.42±0.02 1.9 0.6 302.3±0.1 302.4±0.1 0.2 1.9
54882.153 (1) 4.38±0.02 4.40±0.02 1.0 0.8 302.5±0.1 302.5±0.1 0.3 1.0
55555.332 (1) 4.366±0.006 4.37±0.02 0.3 0.2 302.7±0.1 302.7±0.1 0.4 0.3
55645.122 (1) 4.36±0.02 c c c 302.7±0.1 c c c
56000AB 53408.250 (1) 13.06±0.02 13.02±0.02 1.6 0.1 168.56±0.08 168.33±0.07 2.2 6.2 55.48 0.14
54520.301 (1) 13.06±0.02 c c c 167.90±0.07 c c c
56000AC 53408.250 (1) 13.06±0.02 12.98±0.02 2.6 1.2 168.02±0.08 167.87±0.07 1.4 5.5 47.38 0.56
54520.301 (1) 13.02±0.02 c c c 167.44±0.07 c c c
56754AB 53403.363 (1) 0.3364±0.0003 0.156±0.003 56.1 39.6 104.06±0.05 180.4±1.0 75.2 40.1 0.00 0.00
54475.353 (1) 0.3698±0.0005 0.223±0.002 65.6 15.1 107.54±0.09 130.6±0.4 52.7 19.0
55673.077 (1) 0.392±0.001 c c c 111.3±0.2 c c c
56754AC 53403.363 (1) 8.432±0.005 8.477±0.008 4.8 0.4 184.97±0.04 186.65±0.05 26.2 13.0 0.00 0.00
54475.353 (1) 8.46±0.01 8.448±0.008 1.1 2.6 184.61±0.07 185.49±0.05 10.6 5.2
55673.077 (1) 8.428±0.008 c c c 184.17±0.05 c c c
60851AB 51696.000 Kouwenhoven et al. (2005) 2.01±0.05 1.96±0.02 1.0 1.6 44.1±0.1 43.0±0.6 1.8 1.2 75.89 41.44
53102.079 (1) 2.09±0.02 c c c 44.8±0.6 c c c
60851AC 51696.000 Kouwenhoven et al. (2005) 6.92±0.05 6.96±0.06 0.5 0.2 181.1±0.1 181.3±0.6 0.4 1.6 96.24 39.60
53102.079 (1) 6.90±0.06 c c c 180.2±0.6 c c c
69113AB 51664.000 Kouwenhoven et al. (2005) 5.33±0.01 5.232±0.008 7.8 0.2 64.8±0.3 65.5±0.5 1.2 0.6 47.49 87.17
53126.078 (1) 5.332±0.008 c c c 65.2±0.5 c c c
69113AC 51664.000 Kouwenhoven et al. (2005) 5.52±0.01 5.402±0.008 9.3 1.4 66.9±0.3 67.5±0.5 1.0 0.4 32.86 92.31
53126.078 (1) 5.502±0.008 c c c 67.1±0.5 c c c
74911AB 48457.000 Fabricius et al. (2002) 1.110±0.004 1.18±0.01 5.3 30.1 331.4±0.3 272.8±0.5 98.8 72.1 0.00 0.00
51268.000 Hubrig et al. (2001) 1.04±0.05 1.011±0.006 0.5 1.8 322.5±0.2 289.2±0.3 87.3 60.3
53454.299 (1) 0.948±0.004 c c c 304.8±0.2 c c c
74911AC 51268.000 Hubrig et al. (2001) 6.15±0.05 6.17±0.02 0.5 1.8 156.9±0.2 158.4±0.2 5.1 2.6 22.41 30.68
53454.299 (1) 6.05±0.02 c c c 156.1±0.2 c c c
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HIP MJD Ref. Sep Sepbg Sign.
a Sign. orb. PAb PAbg Sign.
a Sign. orb. Pχ,bg Pχ,cmv
(days) (arcsec) (arcsec) not Backg. motion (deg) (deg) not Backg. motion
Θ± δΘ Θbg ± δΘ,bg σΘ,bg σΘ,orb. PA±δPA PAbg ± δPA, bg σPA,bg σPA,orb. (%) (%)
77562AB 53186.143 (1) 9.97±0.01 9.98±0.02 0.1 4.5 38.36±0.07 38.20±0.09 1.4 1.8 89.15 4.99
53853.258 (1) 10.06±0.02 c c c 38.16±0.09 c c c
77562AC 53186.143 (1) 6.11±0.01 6.11±0.01 0.5 5.6 43.6±0.1 43.4±0.1 1.1 2.1 91.08 1.56
53853.258 (1) 6.19±0.01 c c c 43.3±0.1 c c c
77562AD 53186.143 (1) 9.25±0.01 9.26±0.02 0.7 4.9 41.52±0.08 41.3±0.1 1.3 1.9 87.93 3.12
53853.258 (1) 9.35±0.02 c c c 41.3±0.1 c c c
77562AE 53186.143 (1) 11.38±0.01 11.37±0.02 0.6 2.1 76.77±0.08 76.5±0.1 2.1 4.5 68.75 1.44
53853.258 (1) 11.43±0.02 c c c 76.2±0.1 c c c
79153AB 53186.190 (1) 11.71±0.02 11.79±0.02 3.0 0.5 230.00±0.09 229.7±0.1 1.8 0.5 53.06 93.57
53853.271 (1) 11.70±0.02 c c c 230.1±0.1 c c c
79153AC 53186.190 (1) 6.66±0.01 6.68±0.01 1.1 5.9 324.5±0.1 324.2±0.1 1.4 3.3 82.93 0.35
53853.271 (1) 6.75±0.01 c c c 325.0±0.1 c c c
79199AB 51634.000 Shatsky et al. (2002) 1.12±0.01 1.177±0.008 3.5 4.1 116.9±0.3 146.6±0.3 66.4 1.6 0.00 0.00
53191.122 (1) 1.093±0.002 1.096±0.005 0.5 9.4 117.20±0.09 136.1±0.2 75.4 1.4
55690.119 (1) 1.055±0.004 c c c 117.4±0.1 c c c
79199AC 51634.000 Shatsky et al. (2002) 3.06±0.03 3.64±0.01 16.7 1.0 228.0±0.2 225.6±0.2 9.6 1.7 0.00 68.54
53191.122 (1) 3.069±0.005 3.43±0.01 26.7 1.7 228.16±0.09 226.6±0.1 9.6 1.6
55690.119 (1) 3.09±0.01 c c c 228.4±0.1 c c c
79399AB 53185.247 (1) 3.698±0.006 3.629±0.007 7.6 0.2 69.98±0.08 70.5±0.1 4.1 2.8 0.53 29.76
53852.251 (1) 3.696±0.007 c c c 69.6±0.1 c c c
79399AC 53185.247 (1) 3.896±0.006 3.815±0.007 8.6 1.4 69.32±0.09 70.3±0.1 6.8 0.5 0.02 71.96
53852.251 (1) 3.883±0.007 c c c 69.4±0.1 c c c
79399AD 53185.247 (1) 11.80±0.02 11.86±0.02 2.0 0.4 250.23±0.08 250.1±0.1 1.1 1.0 70.53 82.53
53852.251 (1) 11.79±0.02 c c c 250.4±0.1 c c c
79771AB 51696.000 Kouwenhoven et al. (2005) 3.66±0.01 3.57±0.01 5.5 0.6 313.6±0.1 308.0±0.2 24.0 4.7 0.00 29.41
53176.206 (1) 3.68±0.06 3.59±0.01 1.5 0.5 313.2±0.9 309.6±0.2 3.9 0.5
56121.247 (1) 3.65±0.01 c c c 312.7±0.2 c c c
79771AC 53176.206 (1) 0.435±0.007 0.528±0.006 10.2 0.5 128.4±0.9 150.8±0.8 18.7 0.1 0.00 94.60
56121.247 (1) 0.438±0.001 c c c 128.3±0.2 c c c
81472AB 51696.000 Kouwenhoven et al. (2005) 4.52±0.01 4.54±0.02 1.1 5.7 274.4±0.1 274.4±0.2 0.0 16.0 97.09 0.00
53454.368 (1) 4.49±0.03 4.49±0.02 0.2 2.4 275.2±0.3 275.5±0.2 0.8 4.9
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HIP MJD Ref. Sep Sepbg Sign.
a Sign. orb. PAb PAbg Sign.
a Sign. orb. Pχ,bg Pχ,cmv
(days) (arcsec) (arcsec) not Backg. motion (deg) (deg) not Backg. motion
Θ± δΘ Θbg ± δΘ,bg σΘ,bg σΘ,orb. PA±δPA PAbg ± δPA, bg σPA,bg σPA,orb. (%) (%)
55690.189 (1) 4.42±0.02 c c c 277.0±0.1 c c c
81472AC 51696.000 Kouwenhoven et al. (2005) 5.21±0.01 5.19±0.02 0.9 7.5 357.5±0.1 356.6±0.2 4.7 4.9 21.62 0.00
53454.368 (1) 5.27±0.03 5.27±0.02 0.1 2.5 357.6±0.3 357.3±0.1 0.7 1.9
55690.189 (1) 5.37±0.02 c c c 358.3±0.1 c c c
81972AB 51690.000 Shatsky et al. (2002) 2.02±0.02 d d d 311.3±0.3 d d d 91.92 49.40
53184.214 (1) 2.02±0.04 1.98±0.02 0.8 0.1 314.0±1.0 314.0±0.3 0.0 2.2
81972AC 51690.000 Shatsky et al. (2002) 7.11±0.07 d d d 258.3±0.1 d d d 94.97 79.90
53184.214 (1) 7.0±0.1 7.02±0.07 0.1 0.7 259.1±1.0 258.5±0.1 0.4 0.6
81972AD 51690.000 Shatsky et al. (2002) 5.06±0.05 d d d 213.9±0.2 d d d 95.17 98.47
53184.214 (1) 5.0±0.1 4.97±0.05 0.5 0.3 213.7±1.0 213.4±0.2 0.3 0.2
83336AB 53182.267 (1) 8.92±0.01 8.83±0.02 4.1 0.4 25.60±0.08 25.8±0.1 1.2 0.2 32.39 96.98
53912.135 (1) 8.92±0.02 c c c 25.6±0.1 c c c
83336AC 53182.267 (1) 8.89±0.01 8.90±0.02 0.6 2.5 302.27±0.09 302.2±0.1 0.4 3.9 97.35 5.91
53912.135 (1) 8.94±0.02 c c c 302.8±0.1 c c c
83336AD 53182.267 (1) 9.23±0.01 9.26±0.02 1.1 1.7 137.61±0.09 137.6±0.1 0.2 3.3 93.53 16.36
53912.135 (1) 9.19±0.02 c c c 137.1±0.1 c c c
85442AB 53454.417 (1) 3.00±0.01 2.97±0.01 1.6 6.9 329.42±0.06 328.7±0.1 4.6 11.4 43.59 0.00
55690.216 (1) 3.12±0.01 c c c 331.1±0.1 c c c
85442AC 53454.417 (1) 6.05±0.03 6.07±0.02 0.6 1.2 261.39±0.05 261.2±0.1 1.7 11.6 77.14 0.00
55690.216 (1) 6.01±0.02 c c c 262.9±0.1 c c c
85442AD 53454.417 (1) 5.78±0.03 5.77±0.02 0.4 5.0 33.79±0.06 34.0±0.1 1.2 4.5 95.25 0.12
55690.216 (1) 5.95±0.02 c c c 33.2±0.1 c c c
85442AE 53454.417 (1) 5.23±0.02 5.27±0.02 1.3 3.3 145.91±0.07 146.4±0.1 3.3 7.0 61.20 0.97
55690.216 (1) 5.13±0.02 c c c 144.9±0.1 c c c
85727AB 54699.057 (1) 2.834±0.006 3.01±0.01 14.6 24.3 58.6±0.1 67.4±0.3 30.2 29.8 0.00 0.00
55070.000 Ehrenreich et al. (2010) 3.12±0.01 c c c 67.2±0.3 c c c
85727AC 54699.057 (1) 12.21±0.02 12.20±0.01 0.3 5.1 62.8±0.1 62.07±0.08 5.4 5.5 5.26 0.05
55070.000 Ehrenreich et al. (2010) 12.32±0.01 c c c 62.06±0.08 c c c
85783AB 53442.335 (1) 0.433±0.003 0.618±0.003 44.9 12.5 192.8±0.4 191.4±0.4 2.6 1.2 0.00 0.00
55655.363 (1) 0.4719±0.0008 0.474±0.002 1.4 0.0 192.64±0.07 193.3±0.1 4.6 4.8
55690.353 (1) 0.472±0.002 c c c 193.3±0.1 c c c
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HIP MJD Ref. Sep Sepbg Sign.
a Sign. orb. PAb PAbg Sign.
a Sign. orb. Pχ,bg Pχ,cmv
(days) (arcsec) (arcsec) not Backg. motion (deg) (deg) not Backg. motion
Θ± δΘ Θbg ± δΘ,bg σΘ,bg σΘ,orb. PA±δPA PAbg ± δPA, bg σPA,bg σPA,orb. (%) (%)
85783AC 53442.335 (1) 1.624±0.005 1.635±0.007 1.4 7.6 123.5±0.2 123.7±0.2 0.5 14.9 87.20 0.00
55655.363 (1) 1.555±0.005 1.570±0.005 2.1 2.0 118.6±0.2 119.1±0.2 1.7 1.4
55690.353 (1) 1.569±0.005 c c c 119.0±0.2 c c c
87163AB 53457.375 (1) 7.35±0.01 7.35±0.03 0.2 0.2 107.67±0.06 108.1±0.1 3.2 1.4 62.86 77.41
55690.267 (1) 7.35±0.02 c c c 107.9±0.1 c c c
87163AC 53457.375 (1) 6.77±0.01 6.75±0.02 1.0 0.0 47.51±0.06 47.5±0.1 0.1 1.1 92.87 89.74
55690.267 (1) 6.77±0.02 c c c 47.4±0.1 c c c
87163AD 53457.375 (1) 2.103±0.005 2.053±0.008 5.5 2.5 37.7±0.1 38.2±0.2 2.4 0.9 9.51 34.82
55690.267 (1) 2.081±0.007 c c c 37.9±0.1 c c c
87163AE 53457.375 (1) 4.280±0.008 4.31±0.02 2.0 0.3 170.50±0.07 170.7±0.1 1.1 0.0 66.82 97.48
55690.267 (1) 4.29±0.01 c c c 170.5±0.1 c c c
87163AF 53457.375 (1) 6.78±0.01 6.78±0.02 0.0 0.4 123.50±0.08 124.1±0.1 4.1 2.5 55.16 57.21
55690.267 (1) 6.77±0.02 c c c 123.9±0.1 c c c
87163AG 53457.375 (1) 1.515±0.005 1.484±0.007 3.6 2.2 77.5±0.3 78.8±0.2 3.2 0.6 9.85 45.60
55690.267 (1) 1.498±0.006 c c c 77.7±0.2 c c c
89963AB 54930.000 Aldoretta et al. (2015) 1.134±0.001 1.148±0.004 3.4 3.6 201.86±0.07 201.2±0.2 2.8 3.8 26.53 0.66
55761.007 (1) 1.148±0.004 c c c 201.1±0.2 c c c
93892AB 53286.002 (1) 6.43±0.01 6.485±0.008 3.9 3.0 204.16±0.09 203.81±0.09 2.9 5.2 8.55 0.50
55799.136 (1) 6.395±0.006 c c c 203.61±0.06 c c c
93892AC 53286.002 (1) 3.327±0.006 3.282±0.008 4.5 5.1 65.0±0.1 64.8±0.2 1.3 6.1 13.14 0.02
55799.136 (1) 3.364±0.004 c c c 64.1±0.1 c c c
Note. Designation given in column 1 assigned by decreasing magnitude and not necessarily tally with designations given in the WDS catalogue.
a Assuming the fainter component is a non-moving background star.
b Position angle (PA) is measured from N over E to S.
c Significances are given relative to the last epoch.
d Significances are given relative to the first epoch.











Table A4. Measured brightness diﬀerences, apparent and absolute magnitudes for the visual companions identiﬁed in this study.
HIP Distance Date Band ∆ma msystem mprim mcomp Mprim Mcomp
(pc) (mag) (mag) (mag) (mag) (mag) (mag)
Binaries
2548 81.0+3.8
−3.5 2005-12-06 K s 1.1620±0.0044 5.637±0.019 5.96±0.02 7.119±0.022 1.415+0.103−0.095 2.577+0.104−0.095





−16.0 2006-10-16 H 2.166±0.049 5.439±0.017 5.578±0.025 7.743±0.075 −0.44+0.28−0.22 1.73+0.29−0.23
16511 107.4+4.6
−4.2 2005-01-06 K s 2.547±0.025 5.881±0.017 5.980±0.019 8.53±0.04 0.824+0.094−0.087 3.371+0.101−0.094









−10.6 2005-01-09 K s 0.884±0.012 5.526±0.024 5.924±0.028 6.808±0.032 0.07+0.18−0.16 0.96+0.18−0.16









−7.4 2005-01-10 K s 5.88±0.13 5.592±0.02 5.597±0.021 11.48±0.16 −0.5+0.1−0.1 5.38+0.19−0.18
18213 106.2+2.5
−2.4 2007-09-14 K s 4.78±0.12 5.454±0.017 5.467±0.019 10.25±0.19 0.337+0.055−0.053 5.1+0.2−0.2
20020 141.2+6.9
−6.3 2004-12-08 K s 1.331±0.028 6.178±0.024 6.457±0.035 7.79±0.06 0.7+0.1−0.1 2.04+0.12−0.11









−0.4 2005-11-16 K s 6.208±0.067 3.954±0.244 3.96±0.24 10.17±0.32 0.27+0.24−0.24 6.48+0.32−0.32





−22.2 2004-09-18 K s 2.472±0.025 7.625±0.024 7.731±0.028 10.203±0.058 1.01+0.28−0.22 3.49+0.28−0.23
20804 180.2+27.3
−20.9 2005-02-08 K s 1.284±0.021 5.644±0.023 5.934±0.028 7.219±0.039 −0.40+0.33−0.25 0.89+0.33−0.26









−3.0 2004-10-08 K s 3.8271±0.0011 5.203±0.023 5.235±0.023 9.062±0.024 0.367+0.076−0.072 4.194+0.076−0.072





−87.9 2004-12-08 K s 0.806±0.021 6.859±0.019 7.282±0.031 8.088±0.044 −0.71+0.88−0.49 0.10+0.88−0.49
24305 57.0+1.8
−1.7 2005-01-04 K s 2.034±0.045 3.523±0.236 3.68±0.24 5.71±0.28 −0.11+0.25−0.25 1.92+0.28−0.28
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−29.0 2005-04-11 K s 4.0077±0.0086 6.79±0.037 6.817±0.037 10.824±0.045 −0.28+0.31−0.24 3.72+0.31−0.24





−23.8 2005-01-10 K s 0.77417±0.00064 6.6±0.02 7.03±0.02 7.81±0.02 0.32+0.31−0.24 1.09+0.31−0.24





−18.3 2006-10-16 H 4.4210±0.0054 7.454±0.02 7.47±0.02 11.893±0.025 1.24+0.29−0.23 5.66+0.29−0.23





−64.3 2004-12-09 K s 4.166±0.017 4.959±0.02 4.98±0.02 9.15±0.04 −2.78+0.65−0.41 1.39+0.65−0.41
26235 473.9+114.3
−77.1 2007-12-18 H 2.7250±0.0056 4.922±0.063 5.007±0.063 7.732±0.068 −3.53+0.53−0.36 −0.81+0.53−0.36
26602 473.9+250.7
−121.8 2005-03-05 K s 0.789±0.016 6.578±0.02 7.006±0.025 7.795±0.031 −1.38+1.15−0.56 −0.59+1.15−0.56
2012-09-19 K s 1.0376±0.0012 6.578±0.02 6.93±0.02 7.969±0.021 −1.45+1.15
−0.56 −0.42+1.15−0.56
27810 102.6+2.3
−2.2 2005-03-25 K s 5.1701±0.0031 5.251±0.024 5.260±0.024 10.430±0.027 0.205+0.054−0.052 5.375+0.055−0.053
28744 403.2+174.8
−93.6 2005-03-27 K s 4.6603±0.0029 4.781±0.019 4.796±0.019 9.456±0.022 −3.33+0.94−0.51 1.33+0.94−0.51





−19.1 2006-01-06 K s 1.3978±0.0048 6.326±0.026 6.591±0.027 7.99±0.03 0.35+0.30−0.24 1.74+0.30−0.24





−15.9 2005-04-10 K s 3.8528±0.0071 6.381±0.027 6.412±0.027 10.265±0.034 −0.10+0.21−0.17 3.75+0.21−0.18





−40.1 2005-03-06 K s 1.4331±0.0058 6.926±0.02 7.183±0.021 8.616±0.025 0.26+0.54−0.36 1.70+0.54−0.36





−39.1 2005-04-09 K s 1.4915±0.0045 4.079±0.204 4.32±0.21 5.82±0.21 −2.38+0.69−0.46 −0.89+0.69−0.46
2012-09-19 K s 1.5867±0.0081 4.079±0.204 4.31±0.21 5.89±0.21 −2.40+0.69
−0.46 −0.82+0.69−0.46
31137 232.0+22.4
−18.8 2005-04-10 K s 2.749±0.011 5.719±0.023 5.802±0.024 8.551±0.037 −1.04+0.21−0.18 1.71+0.21−0.18





−178.7 2007-11-05 H 5.3509±0.0053 8.388±0.046 8.396±0.046 13.747±0.051 −0.59+1.52−0.63 4.77+1.52−0.63
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−378.6 2007-12-24 H 5.277±0.021 9.637±0.021 9.645±0.021 14.922±0.045 0.2+68.4−1.1 5.5+68.4−1.1
34041 507.6+133.4
−87.4 2008-02-01 H 2.095±0.064 7.326±0.035 7.473±0.045 9.57±0.11 −1.07+0.57−0.38 1.02+0.58−0.39
34045 135.5+4.0
−3.7 2005-02-07 K s 4.6730±0.0075 4.366±0.035 4.381±0.035 9.054±0.042 −1.29+0.07−0.07 3.386+0.076−0.074





−147.6 2008-02-03 H 1.39±0.11 9.201±0.026 9.47±0.05 10.86±0.11 1.02+1.69−0.66 2.41+1.69−0.67
34338 203.7+14.7
−12.8 2005-02-07 K s 3.759±0.017 6.368±0.017 6.402±0.018 10.160±0.038 −0.12+0.16−0.14 3.64+0.16−0.14





−7.4 2005-02-12 K s 5.62±0.15 5.844±0.017 5.850±0.018 11.47±0.18 0.07+0.13−0.11 5.69+0.22−0.21





−56.5 2008-02-01 H 3.610±0.036 8.154±0.057 8.192±0.058 11.803±0.098 0.84+0.69−0.42 4.45+0.69−0.43
35413 295.9+162.9
−77.5 2008-01-12 H 2.155±0.017 8.862±0.043 9.002±0.046 11.157±0.062 1.59+1.20−0.57 3.75+1.20−0.57
36345 228.3+36.9
−27.9 2009-01-08 K s 0.8353±0.0088 6.816±0.023 7.229±0.028 8.065±0.034 0.42+0.35−0.27 1.26+0.35−0.27
36363 165.0+6.2
−5.8 2005-01-14 K s 5.85±0.23 5.822±0.027 5.827±0.028 11.68±0.28 −0.274+0.087−0.081 5.58+0.29−0.29





−7.9 2005-01-14 K s 2.1630±0.0029 5.982±0.017 6.121±0.017 8.28±0.02 −0.1+0.1−0.1 2.0+0.1−0.1





−7.5 2005-01-14 K s 2.129±0.013 6.106±0.017 6.249±0.019 8.378±0.029 −0.060+0.100−0.092 2.069+0.103−0.095





−4.3 2005-06-02 K s 6.332±0.093 4.769±0.023 4.772±0.023 11.10±0.12 −1.024+0.075−0.071 5.31+0.14−0.13
40817 133.3+6.5
−5.9 2005-02-14 K s 2.7743±0.0095 5.401±0.024 5.482±0.025 8.257±0.033 −0.1+0.1−0.1 2.6+0.1−0.1









−230.0 2004-04-04 K s 1.173±0.022 9.123±0.027 9.440±0.036 10.613±0.055 0.32+2.42−0.75 1.49+2.42−0.75
41817 105.8+7.2
−6.3 2005-02-12 K s 0.5936±0.0018 5.565±0.019 6.06±0.02 6.65±0.02 0.94+0.15−0.13 1.53+0.15−0.13
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41843 222.7+21.8
−18.2 2005-02-03 K s 7.026±0.018 6.834±0.032 6.836±0.032 13.86±0.05 0.11+0.21−0.18 7.13+0.22−0.18





−20.3 2006-01-03 K s 2.7735±0.0036 5.602±0.017 5.683±0.017 8.46±0.02 −1.53+0.19−0.16 1.24+0.19−0.16





−4.5 2005-02-03 K s 2.4106±0.0022 6.041±0.017 6.153±0.017 8.56±0.02 0.480+0.079−0.074 2.890+0.079−0.074
42334 71.1+1.1
−1.0 2005-03-05 K s 7.8±0.2 5.321±0.019 5.322±0.019 13.13±0.23 1.072+0.038−0.037 8.88+0.23−0.23





−3.5 2005-01-05 K s 2.263±0.045 5.288±0.02 5.415±0.027 7.679±0.079 0.751+0.101−0.093 3.01+0.13−0.12





−5.9 2006-01-07 K s 1.632±0.004 5.809±0.019 6.03±0.02 7.659±0.022 0.121+0.092−0.086 1.753+0.093−0.086





−4.4 2005-01-09 K s 3.94±0.01 5.435±0.023 5.463±0.023 9.402±0.033 −0.248+0.078−0.073 3.691+0.082−0.077





−485.3 2003-01-20 K s 1.212±0.028 7.803±0.014 8.111±0.026 9.322±0.049 −2.0+108.6−1.1 −0.8+108.6−1.1
44299 131.6+8.3
−7.4 2006-01-15 K s 7.54±0.16 5.927±0.026 5.928±0.026 13.47±0.19 0.33+0.14−0.12 7.87+0.24−0.23





−6.6 2005-01-10 K s 2.6738±0.0095 5.462±0.023 5.551±0.024 8.225±0.033 −0.515+0.099−0.091 2.159+0.102−0.094
44883 188.3+24.4
−19.4 2005-01-12 K s 2.9970±0.0049 5.64±0.023 5.707±0.023 8.704±0.028 −0.69+0.28−0.23 2.30+0.28−0.23





−18.9 2005-01-12 K s 0.634±0.029 5.862±0.03 6.343±0.049 6.977±0.064 −0.3+0.2−0.2 0.3+0.2−0.2





−6.7 2004-12-16 K s 6.37±0.17 6.133±0.027 6.136±0.028 12.51±0.21 0.098+0.103−0.095 6.47+0.24−0.23









−8.7 2004-12-10 K s 3.317±0.039 5.59±0.019 5.640±0.021 8.957±0.067 −0.7+0.1−0.1 2.57+0.13−0.12
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46283 131.6+3.2
−3.0 2006-01-15 K s 4.625±0.033 5.385±0.024 5.400±0.024 10.025±0.056 −0.209+0.058−0.056 4.417+0.077−0.075





−186.5 2005-03-25 K s 1.0107±0.0016 6.09±0.017 6.451±0.018 7.462±0.019 −2.58+1.58−0.64 −1.57+1.58−0.64
46914 254.5+36.2
−28.2 2005-03-13 K s 0.775±0.016 5.396±0.02 5.829±0.029 6.604±0.039 −1.24+0.31−0.24 −0.47+0.31−0.24
2008-03-10 K s 0.709±0.023 5.396±0.02 5.851±0.035 6.560±0.048 −1.22+0.31
−0.24 −0.51+0.31−0.25
46928 175.4+4.7
−4.5 2006-02-12 K s 4.373±0.017 5.426±0.017 5.445±0.017 9.818±0.034 −0.783+0.061−0.058 3.590+0.068−0.065





−29.0 2005-05-03 K s 3.1781±0.0021 6.231±0.02 6.29±0.02 9.466±0.022 −0.68+0.34−0.26 2.50+0.34−0.26
49712 408.2+34.3
−29.4 2005-06-05 K s 4.364±0.018 5.102±0.023 5.121±0.023 9.48±0.04 −2.96+0.18−0.16 1.41+0.19−0.16
50044 746.3+206.1
−132.8 2005-06-02 K s 8.10±0.11 6.024±0.032 6.025±0.032 14.12±0.15 −3.38+0.60−0.39 4.72+0.62−0.41
50847 123.2+2.8
−2.7 2006-02-13 K s 5.513±0.042 5.314±0.024 5.321±0.024 10.834±0.071 −0.123+0.055−0.053 5.390+0.086−0.085





−2.2 2004-06-29 K s 8.11±0.28 5.238±0.016 5.239±0.016 13.3±0.3 0.275+0.053−0.051 8.4+0.3−0.3





−4.8 2006-02-28 K s 6.737±0.033 5.224±0.019 5.226±0.019 11.963±0.052 −0.826+0.071−0.067 5.911+0.086−0.083





−20.8 2006-02-13 K s 0.6051±0.0015 5.98±0.023 6.472±0.024 7.077±0.024 −0.4+0.2−0.2 0.2+0.2−0.2





−24.3 2006-02-28 K s 3.0676±0.0019 7.149±0.019 7.212±0.019 10.279±0.021 0.8+0.4−0.3 3.8+0.4−0.3





















−87.4 2011-04-24 K s 7.064±0.099 5.931±0.02 5.93±0.02 13.00±0.12 −3.26+0.38−0.28 3.81+0.40−0.31
55597 123.8+6.1
−5.6 2006-01-17 K s 0.8758±0.0083 5.282±0.023 5.683±0.028 6.558±0.033 0.2+0.1−0.1 1.0+0.1−0.1
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−18.3 2006-01-06 K s 8.16±0.24 5.408±0.017 5.409±0.017 13.57±0.26 −2.10+0.15−0.13 6.06+0.30−0.29





−8.4 2006-02-13 K s 7.24±0.14 5.994±0.02 6.00±0.02 13.24±0.17 −0.376+0.109−0.099 6.9+0.2−0.2





−3.5 2005-02-06 K s 6.40±0.26 5.317±0.019 5.32±0.02 11.7±0.3 −0.217+0.066−0.062 6.2+0.3−0.3
60449 136.2+5.0
−4.7 2005-02-12 K s 5.973±0.097 5.427±0.017 5.431±0.017 11.40±0.11 −0.245+0.082−0.076 5.73+0.14−0.14





−2.9 2005-02-03 K s 3.096±0.001 4.784±0.017 4.845±0.017 7.941±0.018 −0.40+0.06−0.06 2.69+0.06−0.06
62026 108.5+4.9
−4.5 2004-04-07 K s 1.5421±0.0047 6.014±0.017 6.249±0.018 7.791±0.022 1.056+0.100−0.092 2.598+0.101−0.093
63005 124.8+4.7
−4.4 2011-05-09 K s 4.128±0.053 5.313±0.02 5.337±0.021 9.465±0.072 −0.163+0.084−0.079 4.0+0.1−0.1
63945 119.6+3.7
−3.5 2005-03-25 K s 3.2052±0.0015 5.045±0.024 5.100±0.024 8.305±0.025 −0.308+0.071−0.068 2.897+0.072−0.068
64053 100.1+3.3
−3.1 2006-02-13 K s 8.36±0.26 5.729±0.026 5.729±0.026 14.09±0.29 0.711+0.077−0.072 9.1+0.3−0.3
64515 112.2+9.7
−8.3 2005-03-07 K s 0.2271±0.0031 5.947±0.02 6.592±0.021 6.819±0.022 1.35+0.19−0.16 1.58+0.19−0.16





−3.8 2005-03-25 K s 5.827±0.047 4.006±0.035 4.011±0.035 9.838±0.086 −1.958+0.066−0.063 3.9+0.1−0.1





−9.0 2005-02-03 K s 1.5305±0.0075 4.971±0.027 5.208±0.029 6.739±0.037 0.09+0.23−0.19 1.63+0.23−0.19
67703 79.7+5.4
−4.7 2004-06-29 K s 2.059±0.015 5.514±0.023 5.666±0.026 7.725±0.043 1.16+0.15−0.13 3.22+0.15−0.14
70915 146.2+9.3
−8.3 2006-02-25 K s 4.40±0.05 5.65±0.023 5.669±0.024 10.072±0.081 −0.16+0.14−0.13 4.24+0.16−0.15





−10.5 2005-02-03 K s 0.2723±0.0047 5.051±0.017 5.676±0.021 5.948±0.022 0.81+0.32−0.24 1.08+0.32−0.24
73111 169.2+20.9
−16.8 2005-03-25 K s 0.8017±0.0056 5.683±0.017 6.11±0.02 6.909±0.024 −0.06+0.27−0.22 0.74+0.27−0.22
74750 515.5+125.6
−84.4 2005-03-25 K s 2.6362±0.0011 5.938±0.023 6.030±0.023 8.666±0.024 −2.60+0.53−0.36 0.04+0.53−0.36
75264 157.0+19.4
−15.5 2005-03-25 K s 1.2803±0.0015 4.127±0.277 4.42±0.28 5.70±0.28 −1.57+0.39−0.35 −0.29+0.39−0.35
2011-05-09 K s 1.2497±0.0015 4.127±0.277 4.43±0.28 5.68±0.28 −1.56+0.39
−0.35 −0.31+0.39−0.35
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76503 190.5+13.6
−11.9 2012-07-13 K s 9.73±0.11 6.184±0.019 6.184±0.019 15.92±0.13 −0.25+0.16−0.14 9.49+0.20−0.19
77634 59.8+1.0
−1.0 2005-02-05 K s 8.16±0.14 3.99±0.035 3.991±0.035 12.15±0.18 0.091+0.050−0.049 8.25+0.18−0.18
77840 154.1+13.1
−11.2 2012-07-13 K s 1.9672±0.0087 4.789±0.017 4.953±0.019 6.921±0.028 −1.03+0.19−0.16 0.93+0.19−0.16
78968 122.7+20.2
−15.2 2004-05-05 K s 6.843±0.069 7.401±0.023 7.403±0.023 14.246±0.096 1.90+0.36−0.27 8.75+0.37−0.29
79005 112.4+8.1
−7.1 2004-07-04 K s 2.733±0.021 5.528±0.017 5.612±0.019 8.345±0.044 0.33+0.16−0.14 3.06+0.16−0.14









−5.5 2005-03-13 K s 8.16±0.19 5.706±0.017 5.707±0.017 13.87±0.21 0.01+0.10−0.09 8.17+0.23−0.23
79230 277.0+115.1
−62.9 2004-04-10 H 2.651±0.015 6.413±0.039 6.504±0.041 9.155±0.059 −0.9+0.9−0.5 1.7+0.9−0.5
79410 140.4+26.5
−19.2 2004-06-20 K s 8.125±0.078 7.071±0.028 7.072±0.028 15.20±0.11 1.3+0.4−0.3 9.39+0.42−0.32
79622 148.8+9.4
−8.4 2012-07-13 K s 3.9±1.4 5.822±0.024 5.852±0.063 9.7±1.4 −0.07+0.15−0.14 3.8+1.4−1.4
79739 150.2+23.5
−17.9 2004-06-20 K s 4.30±0.02 7.025±0.017 7.045±0.017 11.346±0.036 1.05+0.34−0.26 5.35+0.34−0.26
80142 137.2+9.9
−8.6 2004-05-05 K s 2.899±0.023 6.618±0.026 6.691±0.028 9.589±0.055 0.98+0.16−0.14 3.88+0.17−0.15
80461 124.8+13.9
−11.3 2012-09-09 K s 1.181±0.013 5.427±0.023 5.742±0.028 6.923±0.038 0.1+0.2−0.2 1.3+0.2−0.2
80473 110.7+12.3
−10.0 2012-06-11 K s 0.2642±0.0011 3.173±0.518 3.80±0.52 4.07±0.52 −1.68+0.57−0.56 −1.41+0.57−0.56
80474 135.1+11.7
−10.0 2004-06-28 K s 5.563±0.013 5.775±0.02 5.78±0.02 11.344±0.034 −0.05+0.19−0.17 5.51+0.19−0.17





−14.4 2012-09-09 K s 0.7131±0.0072 7.076±0.017 7.530±0.021 8.243±0.025 1.77+0.30−0.23 2.49+0.30−0.23
82902 116.1+5.7
−5.2 2004-06-21 K s 8.13±0.23 6.144±0.024 6.145±0.024 14.28±0.26 0.826+0.109−0.099 8.96+0.28−0.28





−7.2 2005-03-25 K s 8.20±0.13 4.752±0.017 4.753±0.017 12.95±0.15 −1.442+0.102−0.094 6.76+0.18−0.18





−9.8 2005-03-26 K s 2.010±0.029 5.03±0.024 5.188±0.028 7.199±0.049 −1.35+0.12−0.11 0.66+0.13−0.12





−38.1 2005-03-13 K s 2.954±0.022 6.328±0.023 6.397±0.025 9.352±0.051 −0.78+0.42−0.31 2.17+0.43−0.31
89684 202.4+17.4
−14.8 2005-07-19 K s 5.212±0.037 6.122±0.016 6.131±0.016 11.343±0.058 −0.42+0.19−0.16 4.79+0.19−0.17
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−12.3 2005-03-29 K s 4.081±0.016 5.526±0.02 5.55±0.02 9.632±0.039 −0.87+0.16−0.14 3.21+0.17−0.15





−31.4 2010-06-25 K s 1.182±0.018 7.807±0.017 8.122±0.025 9.30±0.04 1.42+0.44−0.32 2.61+0.44−0.32
91014 404.9+45.6
−37.2 2005-04-12 K s 4.32±0.02 5.537±0.023 5.557±0.023 9.881±0.043 −2.5+0.2−0.2 1.8+0.2−0.2
93805 37.9+0.9
−0.9 2008-08-21 K s 3.976±0.016 3.563±0.289 3.59±0.29 7.57±0.31 0.70+0.29−0.29 4.67+0.31−0.31





−170.8 2005-05-22 K s 4.856±0.021 6.947±0.024 6.959±0.024 11.816±0.048 −2.34+1.00−0.52 2.52+1.00−0.52
100751 54.8+1.6
−1.5 2005-08-19 K s 8.07±0.26 2.479±0.282 2.48±0.28 10.55±0.55 −1.22+0.29−0.29 6.86+0.55−0.55
100881 167.2+18.0
−14.8 2008-10-30 K s 2.4867±0.0016 5.21±0.017 5.315±0.017 7.801±0.019 −0.83+0.23−0.19 1.66+0.23−0.19





−63.3 2008-08-07 H 1.818±0.024 8.93±0.046 9.116±0.052 10.935±0.078 2.07+1.05−0.54 3.88+1.06−0.54
113031 253.2+28.5
−23.3 2004-10-20 K s 0.520±0.054 5.925±0.019 6.45±0.04 6.968±0.053 −0.6+0.2−0.2 −0.06+0.25−0.21





−0.4 2004-10-18 K s 4.0844±0.0063 4.611±0.027 4.636±0.027 8.720±0.033 1.019+0.032−0.032 5.104+0.038−0.038










−74.7 2005-01-09 K s 2.27637±0.00077 6.433±0.019 6.62±0.02 8.899±0.021 −0.65+1.22−0.58 1.62+1.22−0.58





















−66.5 2005-04-09 K s 0.9890±0.0089 5.056±0.017 5.536±0.025 6.525±0.029 −1.67+1.05−0.53 −0.68+1.05−0.53
2012-09-19 K s 1.0510±0.0058 5.056±0.017 5.516±0.018 6.567±0.021 −1.69+1.05
−0.53 −0.63+1.05−0.53
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−245.3 2004-10-11 K s 1.174±0.012 4.489±0.016 4.886±0.023 6.060±0.032 −2.7+3.3−1.6 −1.5+3.3−1.6
26549AC 2004-10-11 K s 2.602±0.016 4.489±0.016 4.886±0.023 7.49±0.04 −2.7+3.3
−1.6 −0.1+3.3−1.6

















−120.4 2007-01-20 K s 6.147±0.076 9.303±0.02 9.310±0.021 15.5±0.1 1.1+1.4−0.6 7.25+1.36−0.61





−6.0 2006-01-07 K s 2.677±0.027 5.532±0.016 5.633±0.019 8.309±0.041 −0.040+0.107−0.098 2.6+0.1−0.1





−3.4 2006-01-18 K s 4.594±0.055 5.625±0.02 5.651±0.022 10.245±0.084 0.03+0.06−0.06 4.6+0.1−0.1













−8.0 2005-02-04 K s 3.219±0.073 5.597±0.026 5.699±0.035 8.92±0.12 0.08+0.15−0.14 3.30+0.19−0.18





















−14.2 2007-02-27 K s 10.0±0.2 5.94±0.028 5.940±0.028 15.90±0.23 −0.28+0.25−0.21 9.68+0.34−0.31
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−28.0 2005-02-07 K s 2.648±0.037 5.173±0.032 5.310±0.039 7.958±0.082 −1.36+0.39−0.29 1.3+0.4−0.3













−3.1 2005-02-02 K s 1.82548±0.00097 5.125±0.02 5.31±0.02 7.139±0.021 0.59+0.09−0.08 2.42+0.09−0.08





















−3.1 2004-04-07 K s 5.294±0.077 5.96±0.024 5.976±0.026 11.27±0.11 1.020+0.077−0.073 6.31+0.13−0.13





−4.6 2005-02-14 K s 7.34±0.34 6.172±0.035 6.174±0.036 13.51±0.39 0.819+0.099−0.093 8.2+0.4−0.4





−10.0 2004-05-01 K s 3.997±0.047 6.311±0.023 6.363±0.026 10.360±0.079 0.33+0.16−0.14 4.33+0.17−0.16





−7.0 2005-03-25 K s 0.30719±0.00013 4.427±0.017 5.037±0.017 5.344±0.017 −0.04+0.17−0.15 0.27+0.17−0.15





−2.9 2004-06-30 K s 7.380±0.092 5.945±0.028 5.948±0.028 13.33±0.12 1.075+0.077−0.073 8.45+0.14−0.14
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−4.0 2004-06-30 K s 8.4±0.2 5.599±0.016 5.600±0.016 14.04±0.23 0.9+0.1−0.1 9.38+0.25−0.25













−4.8 2004-07-05 K s 3.9243±0.0053 5.649±0.019 5.680±0.019 9.604±0.024 0.187+0.093−0.086 4.111+0.094−0.087













−6.4 2004-06-29 K s 0.927±0.013 5.599±0.017 6.188±0.029 7.116±0.037 1.32+0.18−0.15 2.24+0.18−0.15





















−17.8 2004-06-20 K s 3.781±0.038 7.098±0.02 7.149±0.021 10.930±0.057 0.96+0.31−0.24 4.74+0.31−0.25













−24.8 2005-03-25 K s 7.408±0.083 5.933±0.023 5.935±0.023 13.34±0.11 −0.55+0.38−0.28 6.9+0.4−0.3
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−7.9 2004-06-28 K s 4.3885±0.0084 5.842±0.017 5.887±0.017 10.276±0.027 −0.22+0.12−0.11 4.17+0.12−0.11

















−8.0 2004-06-26 K s 6.624±0.075 5.256±0.017 5.262±0.017 11.886±0.098 −0.43+0.14−0.13 6.20+0.17−0.16





















−20.1 2005-03-25 K s 6.916±0.062 5.782±0.017 5.787±0.017 12.703±0.082 −1.01+0.23−0.19 5.91+0.25−0.21





























−1.2 2008-08-21 K s 8.29±0.12 3.71±0.197 3.7±0.2 12.00±0.32 −0.2+0.2−0.2 8.06+0.32−0.32





−8.9 2005-03-13 K s 1.2545±0.0017 6.151±0.017 6.450±0.017 7.705±0.018 1.06+0.19−0.16 2.32+0.19−0.16
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−46.0 2005-03-28 K s 1.6187±0.0064 5.861±0.024 6.086±0.026 7.71±0.03 −1.87+0.36−0.27 −0.25+0.36−0.27
2011-05-09 K s 1.900±0.007 5.861±0.024 6.040±0.026 7.941±0.031 −1.91+0.36
−0.27 −0.01+0.36−0.27









































−103.1 2005-03-27 K s 6.538±0.068 6.151±0.02 6.15±0.02 12.693±0.092 −2.6+0.6−0.4 3.94+0.65−0.41





−120.6 2011-07-19 K s 4.985±0.016 4.105±0.293 4.12±0.29 9.10±0.31 −4.35+1.71−0.73 0.63+1.71−0.73





−52.6 2004-10-08 K s 6.853±0.054 6.348±0.02 6.35±0.02 13.203±0.077 −1.13+0.56−0.37 5.73+0.57−0.38












Notes. The given companion identification AB, AC, etc. for visual higher-order multiples indicates the sequences of detection by
increasing magnitude difference.











Table A5. Estimated masses for the visual companions resolved in this study.
Mcomp
HIP log(Age[yr ]) Date Band MX ,comp Mprim (1) (2) (3) (4) (5) (6) Mcomp q
(mag) (M⊙) (M⊙) (M⊙) (M⊙) (M⊙) (M⊙) (M⊙) (M⊙)
Binaries
2548 9.06+0.03
−0.04 2005-12-06 Ks 2.577
+0.104
−0.095 2.00±0.01 1.26±0.02 1.24±0.03 1.28±0.03 1.28±0.03 1.29±0.03 1.27±0.03 0.64±0.01
2007-09-16 Ks 2.561+0.104
−0.095 1.27±0.03 1.24±0.03 1.28±0.03 1.28±0.03 1.30±0.03 1.28±0.03 0.64±0.01
15627 7.64+0.08
−0.09 2006-10-16 H 1.73
+0.29
−0.23 4.4±0.1 2.1±0.3 2.0±0.2 2.1±0.2 2.1±0.2 0.46±0.06
16511 8.1+0.1
−0.2 2005-01-06 Ks 3.371
+0.101
−0.094 2.65±0.07 1.06±0.02 1.03±0.02 1.07±0.02 1.06±0.02 1.07±0.03 1.06±0.02 0.40±0.01
2005-11-26 Ks 3.521+0.101
−0.094 1.02±0.02 0.99±0.02 1.03±0.02 1.02±0.02 1.03±0.02 1.02±0.02 0.38±0.01
2011-08-25 Ks 3.195+0.102
−0.095 1.12±0.02 1.08±0.02 1.12±0.03 1.11±0.03 1.13±0.03 1.11±0.03 0.42±0.01
16803 8.47+0.03
−0.03 2005-01-09 Ks 0.96
+0.18
−0.16 3.13±0.04 2.34±0.09 2.5±0.1 2.5±0.1 2.5±0.1 2.4±0.1 0.78±0.03
2007-09-20 Ks 0.91+0.18
−0.16 2.4±0.1 2.5±0.1 2.5±0.1 2.5±0.1 2.5±0.1 0.79±0.03
2007-09-30 Ks 0.90+0.18
−0.16 2.38±0.09 2.5±0.1 2.5±0.1 2.5±0.1 2.5±0.1 0.79±0.03
17563 7.1+0.3
−0.7 2005-01-10 Ks 5.38
+0.19
−0.18 5.9±0.3 0.58±0.03 0.2±0.1 0.2±0.1 0.56±0.03 0.3±0.1 0.39±0.09 0.07±0.02
18213 7.6+0.1
−0.2 2007-09-14 Ks 5.1
+0.2
−0.2 3.7±0.1 0.63±0.03 0.51±0.07 0.52±0.07 0.61±0.03 0.54±0.06 0.56±0.06 0.15±0.02
20020 8.26+0.03
−0.04 2004-12-08 Ks 2.04
+0.12
−0.11 2.79±0.06 1.61±0.07 1.69±0.07 1.65±0.08 1.67±0.08 1.66±0.08 0.59±0.03
2007-09-20 Ks 2.06+0.13
−0.12 1.58±0.08 1.68±0.07 1.64±0.08 1.66±0.08 1.64±0.08 0.59±0.03
2007-09-30 Ks 2.0+0.1
−0.1 1.61±0.07 1.69±0.07 1.65±0.08 1.67±0.07 1.66±0.07 0.59±0.03
20042 7.4+0.2
−0.3 2005-11-16 Ks 6.48
+0.32
−0.32 3.9807±0.0005 0.37±0.04 0.17±0.05 0.15±0.05 0.35±0.05 0.19±0.05 0.25±0.05 0.06±0.01
2012-09-19 Ks 7.24+0.35
−0.35 0.26±0.04 0.10±0.03 0.10±0.01 0.24±0.03 0.13±0.03 0.17±0.03 0.042±0.007
20554 7.8+0.1
−0.1 2004-09-18 Ks 3.49
+0.28
−0.23 3.979±0.001 0.88±0.09 0.99±0.07 1.04±0.06 1.03±0.06 1.05±0.07 1.00±0.07 0.25±0.02
20804 8.18+0.05
−0.05 2005-02-08 Ks 0.89
+0.33
−0.26 3.8±0.2 2.7±0.2 2.9±0.2 2.8±0.2 2.8±0.2 2.8±0.2 0.72±0.07
2012-09-19 Ks 0.94+0.33
−0.26 2.6±0.2 2.8±0.2 2.7±0.2 2.7±0.2 2.7±0.2 0.71±0.07
2013-01-04 Ks 0.94+0.33
−0.25 2.6±0.2 2.8±0.2 2.7±0.2 2.7±0.2 2.7±0.2 0.71±0.07
23794 8.73+0.02
−0.02 2004-10-08 Ks 4.194
+0.076
−0.072 2.497±0.009 0.82±0.02 0.80±0.02 0.83±0.02 0.81±0.02 0.82±0.02 0.82±0.02 0.327±0.007
2013-01-04 Ks 4.155+0.076
−0.072 0.83±0.02 0.81±0.02 0.84±0.02 0.82±0.02 0.83±0.02 0.83±0.02 0.332±0.007
24196 8.135+0.009
−0.009 2004-12-08 Ks 0.10
+0.88
−0.49 3.97±0.05 3.4±0.4 3.6±0.6 3.6±0.5 3.6±0.4 3.6±0.5 0.9±0.1
24305 7.995+0.006
−0.006 2005-01-04 Ks 1.92
+0.28
−0.28 3.97±0.02 1.8±0.2 1.8±0.2 1.8±0.2 1.8±0.2 1.8±0.2 0.45±0.06
2012-12-08 Ks 4.67+0.25
−0.25 0.71±0.04 0.69±0.06 0.72±0.04 0.70±0.04 0.69±0.06 0.70±0.05 0.18±0.01
24825 7.5+0.1
−0.2 2005-04-11 Ks 3.72
+0.31
−0.24 4.5±0.1 0.88±0.07 0.93±0.07 0.96±0.07 0.92±0.08 0.92±0.07 0.21±0.02
2012-09-19 Ks 3.87+0.31
−0.24 0.84±0.07 0.88±0.07 0.92±0.07 0.87±0.08 0.88±0.07 0.20±0.02
25365 7.3+0.1
−0.2 2005-01-10 Ks 1.09
+0.31
−0.24 5.1±0.1 3.1±0.3 2.9±0.3 2.9±0.3 2.9±0.3 0.58±0.06
2012-09-19 Ks 1.12+0.31
−0.24 3.0±0.3 2.8±0.3 2.8±0.3 2.9±0.3 0.57±0.06
25657 7.9+0.1
−0.1 2006-10-16 H 5.66
+0.29
−0.23 2.5117±0.0002 0.54±0.04 0.53±0.04 0.53±0.05 0.53±0.04 0.54±0.03 0.53±0.04 0.21±0.02
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Mcomp
HIP log(Age[yr ]) Date Band MX ,comp Mprim (1) (2) (3) (4) (5) (6) Mcomp q
(mag) (M⊙) (M⊙) (M⊙) (M⊙) (M⊙) (M⊙) (M⊙) (M⊙)
2006-12-28 H 5.72+0.29
−0.23 0.54±0.04 0.52±0.04 0.52±0.05 0.52±0.04 0.53±0.04 0.52±0.04 0.21±0.02
26215 8.20+0.08
−0.10 2004-12-09 Ks 1.39
+0.65
−0.41 3.6±0.1 2.2±0.4 2.3±0.4 2.3±0.4 2.3±0.4 2.3±0.4 0.6±0.1
26235 7.05+0.03
−0.03 2007-12-18 H −0.81
+0.53
−0.36 13.2±0.5 7.0±0.5 7.0±1.0 7.0±1.0 7.0±0.9 0.53±0.07
26602 8.15+0.01
−0.01 2005-03-05 Ks −0.59
+1.15
−0.56 3.8±0.2 3.9±0.2 4.1±1.0 4.0±0.4 4.0±0.3 4.0±0.7 1.1±0.2
2012-09-19 Ks −0.42+1.15
−0.56 3.8±0.3 3.9±1.0 4.0±0.4 3.9±0.4 3.9±0.7 1.0±0.2
27810 7.5+0.1
−0.2 2005-03-25 Ks 5.375
+0.055
−0.053 3.9807±0.0004 0.578±0.009 0.40±0.06 0.43±0.06 0.558±0.009 0.44±0.05 0.48±0.05 0.12±0.01
28744 7.31+0.03
−0.04 2005-03-27 Ks 1.33
+0.94
−0.51 9.5±0.4 2.7±0.9 2.8±0.8 2.8±0.8 2.8±0.9 0.29±0.09
2012-09-19 Ks 1.23+0.94
−0.51 2.9±1.0 2.9±0.9 2.9±0.9 2.9±0.9 0.3±0.1
29401 7.66+0.09
−0.11 2006-01-06 Ks 1.74
+0.30
−0.24 3.20±0.06 2.1±0.3 2.0±0.2 2.0±0.2 2.0±0.3 0.64±0.08
2012-12-08 Ks 1.76+0.30
−0.24 2.0±0.3 2.0±0.2 2.0±0.2 2.0±0.3 0.63±0.08
29728 7.75+0.08
−0.10 2005-04-10 Ks 3.75
+0.21
−0.18 4.0±1.0 0.84±0.07 0.90±0.06 0.97±0.05 0.95±0.05 0.95±0.06 0.92±0.06 0.23±0.01
2012-09-19 Ks 3.75+0.21
−0.18 0.84±0.07 0.90±0.06 0.97±0.05 0.95±0.05 0.95±0.06 0.92±0.06 0.23±0.01
30493 8.3+0.1
−0.1 2005-03-06 Ks 1.70
+0.54
−0.36 2.93±0.08 1.9±0.3 1.9±0.3 2.0±0.3 2.0±0.3 2.0±0.3 0.7±0.1
2012-09-19 Ks 1.68+0.54
−0.36 1.9±0.3 2.0±0.3 2.0±0.3 2.0±0.3 2.0±0.3 0.7±0.1
30867 7.62+0.03
−0.03 2005-04-09 Ks −0.89
+0.69
−0.46 6.6±0.2 5.9±0.6 5.9±0.7 5.9±0.7 5.9±0.7 0.9±0.1
2012-09-19 Ks −0.82+0.69
−0.46 5.8±0.6 5.8±0.7 5.8±0.7 5.8±0.7 0.9±0.1
31137 8.37+0.03
−0.04 2005-04-10 Ks 1.71
+0.21
−0.18 3.4±0.1 1.9±0.1 1.9±0.1 1.9±0.1 1.9±0.1 1.9±0.1 0.56±0.04
2012-09-19 Ks 1.76+0.22
−0.18 1.8±0.1 1.9±0.1 1.9±0.1 1.9±0.1 1.9±0.1 0.54±0.04
31959 7.3+0.1
−0.2 2007-11-05 H 4.77
+1.52
−0.63 5.8±0.3 0.7±0.3 0.6±0.3 0.8±0.2 0.7±0.3 0.7±0.3 0.12±0.05
2008-01-05 H 4.66+1.52
−0.64 0.7±0.3 0.6±0.3 0.8±0.2 0.8±0.3 0.7±0.3 0.12±0.05
2012-12-05 Ks 4.58+1.52
−0.63 0.7±0.3 0.6±0.3 0.8±0.2 0.7±0.3 0.7±0.3 0.12±0.05
32823 7.4+0.2
−0.3 2007-12-24 H 5.5
+68.4
−1.1 3.981±0.001 0.3±0.1 0.4±3.0 0.5±0.1 0.3±0.1 0.4±2.0 0.1±0.4
34041 7.40+0.06
−0.07 2008-02-01 H 1.02
+0.58
−0.39 6.77±0.09 3.1±0.6 3.0±0.6 3.0±0.5 3.0±0.6 0.45±0.08
34045 7.94+0.01
−0.01 2005-02-07 Ks 3.386
+0.076
−0.074 5.00±0.04 1.05±0.02 1.03±0.02 1.07±0.02 1.06±0.02 1.07±0.02 1.06±0.02 0.211±0.004
2013-01-06 Ks 3.403+0.078
−0.075 1.05±0.02 1.02±0.02 1.07±0.02 1.05±0.02 1.06±0.02 1.05±0.02 0.210±0.004
34153 7.8+0.1
−0.1 2008-02-03 H 2.41
+1.69
−0.67 3.162±0.007 1.0±0.7 1.3±0.1 2.0±0.9 1.9±0.9 1.9±0.9 1.6±0.8 0.5±0.2
34338 8.63+0.06
−0.07 2005-02-07 Ks 3.64
+0.16
−0.14 2.8±0.1 0.98±0.03 0.95±0.03 0.99±0.03 0.98±0.04 0.98±0.04 0.98±0.03 0.35±0.02
2013-01-04 Ks 3.64+0.16
−0.14 0.98±0.03 0.95±0.03 0.99±0.03 0.98±0.04 0.98±0.04 0.98±0.03 0.35±0.02
34758 8.77+0.02
−0.02 2005-02-12 Ks 5.69
+0.22
−0.21 2.52±0.05 0.51±0.04 0.51±0.04 0.52±0.03 0.51±0.03 0.50±0.03 0.53±0.03 0.51±0.03 0.20±0.01
2007-11-21 Ks 5.77+0.17
−0.16 0.50±0.03 0.49±0.03 0.51±0.02 0.50±0.02 0.48±0.03 0.52±0.02 0.50±0.02 0.20±0.01
35110 7.8+0.1
−0.1 2008-02-01 H 4.45
+0.69
−0.43 3.162±0.001 0.7±0.1 0.8±0.1 0.8±0.1 0.8±0.1 0.8±0.1 0.8±0.1 0.24±0.04
35413 7.1+0.2
−0.6 2008-01-12 H 3.75
+1.20
−0.57 5.0±1.0 0.8±0.3 0.9±0.3 1.0±0.2 0.9±0.3 0.9±0.3 0.18±0.06
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Mcomp
HIP log(Age[yr ]) Date Band MX ,comp Mprim (1) (2) (3) (4) (5) (6) Mcomp q
(mag) (M⊙) (M⊙) (M⊙) (M⊙) (M⊙) (M⊙) (M⊙) (M⊙)
36345 6.7+0.2
−0.6 2009-01-08 Ks 1.26
+0.35
−0.27 6.7±0.3 2.0±0.7 2.1±0.6 2.0±0.6 0.30±0.09
36363 7.2+0.2
−0.6 2005-01-14 Ks 5.58
+0.29
−0.29 5.5±0.2 0.54±0.05 0.2±0.1 0.2±0.1 0.52±0.05 0.3±0.1 0.36±0.09 0.07±0.02
2007-11-23 Ks 5.92+0.19
−0.19 0.47±0.03 0.18±0.08 0.17±0.07 0.45±0.03 0.26±0.05 0.31±0.05 0.06±0.01
37322 7.5+0.2
−0.3 2005-01-14 Ks 2.0
+0.1
−0.1 4.4±0.2 1.7±0.1 1.69±0.08 1.6±0.1 1.7±0.1 0.38±0.03
2007-11-08 Ks 2.0+0.1
−0.1 1.7±0.1 1.69±0.08 1.6±0.1 1.7±0.1 0.38±0.03
37915 7.5+0.1
−0.2 2005-01-14 Ks 2.069
+0.103
−0.095 3.99±0.05 1.329±0.006 1.70±0.09 1.67±0.08 1.67±0.09 1.59±0.07 0.40±0.02
2007-11-23 Ks 1.9+0.1
−0.1 1.88±0.09 1.84±0.09 1.9±0.1 1.9±0.1 0.47±0.02
39906 7.66+0.03
−0.03 2005-06-02 Ks 5.31
+0.14
−0.13 5.0±0.1 0.59±0.02 0.51±0.03 0.53±0.03 0.57±0.02 0.54±0.03 0.55±0.03 0.109±0.006
40817 8.43+0.03
−0.03 2005-02-14 Ks 2.6
+0.1
−0.1 3.06±0.05 1.29±0.03 1.26±0.03 1.29±0.05 1.30±0.03 1.32±0.03 1.30±0.04 0.42±0.01
2007-12-17 Ks 2.5+0.1
−0.1 1.32±0.03 1.30±0.04 1.36±0.06 1.34±0.04 1.36±0.04 1.33±0.04 0.44±0.02
2008-01-02 Ks 2.6+0.1
−0.1 1.31±0.03 1.28±0.04 1.32±0.06 1.32±0.03 1.34±0.03 1.31±0.04 0.43±0.01
41049 8.2+0.1
−0.2 2004-04-04 Ks 1.49
+2.42
−0.75 2.7±0.1 2.1±1.0 2.2±1.0 2.6±1.0 2.6±1.0 2.4±1.0 0.9±0.4
41817 8.36+0.06
−0.06 2005-02-12 Ks 1.53
+0.15
−0.13 2.61±0.09 2.0±0.1 2.1±0.1 2.1±0.1 2.1±0.1 2.1±0.1 0.79±0.05
2007-11-21 Ks 1.53+0.15
−0.13 2.0±0.1 2.1±0.1 2.1±0.1 2.1±0.1 2.1±0.1 0.79±0.05
41843 8.76+0.02
−0.02 2005-02-03 Ks 7.13
+0.22
−0.18 2.51±0.02 0.27±0.02 0.26±0.02 0.28±0.03 0.26±0.03 0.25±0.02 0.32±0.02 0.27±0.02 0.109±0.009
2013-02-03 Ks 7.24+0.23
−0.19 0.26±0.02 0.25±0.02 0.27±0.02 0.24±0.03 0.24±0.02 0.30±0.02 0.26±0.02 0.103±0.009
42129 7.61+0.09
−0.12 2006-01-03 Ks 1.24
+0.19
−0.16 6.6±0.3 2.8±0.2 2.6±0.2 2.6±0.2 2.7±0.2 0.40±0.03
2007-12-17 Ks 1.30+0.19
−0.16 2.7±0.2 2.5±0.2 2.5±0.2 2.6±0.2 0.39±0.03
42177 8.20+0.04
−0.04 2005-02-03 Ks 2.890
+0.079
−0.074 3.09±0.09 1.20±0.02 1.17±0.02 1.22±0.02 1.21±0.02 1.23±0.02 1.21±0.02 0.39±0.01
42334 9.07+0.02
−0.02 2005-03-05 Ks 8.88
+0.23
−0.23 1.9943±0.0001 0.117±0.009 0.120±0.009 0.118±0.005 0.14±0.01 0.124±0.009 0.062±0.004
2008-02-12 Ks 8.4+0.4
−0.4 0.15±0.02 0.15±0.02 0.13±0.02 0.18±0.03 0.15±0.02 0.08±0.01
42540 8.3+0.1
−0.2 2005-01-05 Ks 3.01
+0.13
−0.12 2.5113±0.0008 1.16±0.03 1.13±0.03 1.18±0.03 1.17±0.03 1.18±0.04 1.17±0.03 0.46±0.01
2007-12-17 Ks 3.00+0.13
−0.12 1.17±0.03 1.13±0.03 1.19±0.03 1.17±0.03 1.19±0.04 1.17±0.03 0.47±0.01
42715 8.42+0.02
−0.03 2006-01-07 Ks 1.753
+0.093
−0.086 3.05±0.04 1.83±0.06 1.85±0.03 1.87±0.06 1.88±0.06 1.85±0.05 0.61±0.02
2008-02-13 Ks 1.741+0.093
−0.086 1.83±0.05 1.85±0.03 1.88±0.06 1.89±0.06 1.86±0.05 0.61±0.02
43305 8.21+0.04
−0.04 2005-01-09 Ks 3.691
+0.082
−0.077 3.3±0.1 0.97±0.02 0.94±0.02 0.98±0.02 0.96±0.02 0.97±0.02 0.97±0.02 0.29±0.01
2008-02-13 Ks 3.507+0.081
−0.076 1.02±0.02 0.99±0.02 1.03±0.02 1.02±0.02 1.03±0.02 1.02±0.02 0.31±0.01
43792 7.19+0.05
−0.05 2003-01-20 Ks −0.8
+108.6
−1.1 8.2±0.2 6.9±1.0 5.4±1.0 5.4±1.0 5.9±1.0 0.7±0.2
44299 7.4+0.1
−0.2 2006-01-15 Ks 7.87
+0.24
−0.23 3.9808±0.0002 0.19±0.02 0.07±0.02 0.18±0.01 0.14±0.02 0.036±0.004
2007-12-17 Ks 7.02+0.38
−0.37 0.29±0.04 0.12±0.03 0.11±0.02 0.27±0.04 0.14±0.03 0.19±0.03 0.047±0.009
44798 8.14+0.03
−0.03 2005-01-10 Ks 2.159
+0.102
−0.094 3.91±0.08 1.54±0.05 1.62±0.05 1.56±0.06 1.58±0.06 1.58±0.06 0.40±0.02
44883 8.16+0.06
−0.07 2005-01-12 Ks 2.30
+0.28
−0.23 3.9±0.1 1.4±0.1 1.308±0.002 1.5±0.1 1.5±0.1 1.5±0.1 1.5±0.1 0.37±0.03
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2008-01-03 Ks 2.31+0.28
−0.23 1.4±0.1 1.306±0.002 1.5±0.1 1.5±0.1 1.5±0.1 1.5±0.1 0.37±0.03
45189 8.20+0.03
−0.03 2005-01-12 Ks 0.3
+0.2
−0.2 3.9±0.1 3.1±0.2 3.3±0.1 3.3±0.2 3.3±0.2 3.2±0.2 0.83±0.05
2008-01-02 Ks 0.3+0.2
−0.2 3.1±0.2 3.3±0.1 3.3±0.2 3.3±0.1 3.3±0.2 0.84±0.05
45314 7.65+0.06
−0.07 2004-12-16 Ks 6.47
+0.24
−0.23 3.39±0.09 0.37±0.03 0.24±0.04 0.21±0.04 0.35±0.03 0.26±0.04 0.29±0.04 0.08±0.01
2008-02-15 Ks 6.45+0.19
−0.19 0.37±0.03 0.24±0.03 0.22±0.04 0.35±0.03 0.26±0.03 0.29±0.03 0.09±0.01
2012-12-04 Ks 6.33+0.13
−0.12 0.39±0.02 0.26±0.03 0.24±0.04 0.37±0.02 0.28±0.03 0.31±0.03 0.092±0.008
45344 7.84+0.02
−0.02 2004-12-10 Ks 2.57
+0.13
−0.12 4.9±0.1 1.32±0.04 1.30±0.05 1.35±0.07 1.34±0.04 1.36±0.04 1.33±0.05 0.27±0.01
2008-02-15 Ks 2.61+0.14
−0.13 1.31±0.04 1.28±0.05 1.32±0.07 1.32±0.04 1.34±0.04 1.31±0.05 0.27±0.01
46283 7.5+0.1
−0.2 2006-01-15 Ks 4.417
+0.077
−0.075 3.98±0.02 0.69±0.04 0.73±0.04 0.76±0.01 0.71±0.02 0.72±0.03 0.182±0.008
2008-01-10 Ks 4.572+0.093
−0.091 0.65±0.05 0.70±0.06 0.72±0.02 0.67±0.03 0.69±0.04 0.17±0.01
46329 7.79+0.03
−0.03 2005-03-25 Ks −1.57
+1.58
−0.64 5.5±0.1 0.9±2.0 6.1±0.7 5.9±0.4 5.8±0.4 4.7±1.0 0.8±0.2
46914 7.95+0.02
−0.02 2005-03-13 Ks −0.47
+0.31
−0.24 4.99±0.06 4.3±0.2 4.4±0.2 4.5±0.2 4.4±0.2 4.4±0.2 0.88±0.04
2008-03-10 Ks −0.51+0.31
−0.25 4.3±0.2 4.5±0.2 4.5±0.2 4.5±0.2 4.4±0.2 0.89±0.04
46928 7.742+0.002
−0.002 2006-02-12 Ks 3.590
+0.068
−0.065 4.99±0.02 0.97±0.02 1.01±0.01 0.99±0.02 1.01±0.02 1.00±0.02 0.199±0.003
2008-01-10 Ks 3.589+0.069
−0.067 0.97±0.02 1.01±0.01 1.00±0.02 1.01±0.02 1.00±0.02 0.200±0.003
48943 7.65+0.04
−0.05 2005-05-03 Ks 2.50
+0.34
−0.26 4.73±0.05 1.28±0.05 1.4±0.2 1.4±0.1 1.4±0.1 1.4±0.1 0.29±0.03
49712 7.58+0.03
−0.03 2005-06-05 Ks 1.41
+0.19
−0.16 7.5±0.2 2.6±0.2 2.4±0.2 2.4±0.2 2.5±0.2 0.33±0.03
50044 7.78+0.09
−0.11 2005-06-02 Ks 4.72
+0.62
−0.41 5.6±0.3 0.66±0.09 0.68±0.09 0.7±0.1 0.7±0.1 0.7±0.1 0.7±0.1 0.12±0.02
50847 8.21+0.04
−0.04 2006-02-13 Ks 5.390
+0.086
−0.085 3.3±0.1 0.57±0.01 0.57±0.01 0.56±0.01 0.58±0.01 0.55±0.01 0.56±0.01 0.57±0.01 0.174±0.008
2011-04-22 Ks 5.429+0.080
−0.079 0.57±0.01 0.56±0.01 0.56±0.01 0.57±0.01 0.55±0.01 0.56±0.01 0.56±0.01 0.171±0.008
51362 8.75+0.02
−0.02 2004-06-29 Ks 8.4
+0.3
−0.3 2.49±0.02 0.15±0.02 0.15±0.02 0.13±0.01 0.17±0.02 0.15±0.02 0.060±0.007
2006-04-21 Ks 8.35+0.25
−0.25 0.15±0.01 0.15±0.01 0.13±0.01 0.18±0.02 0.15±0.01 0.061±0.006
52742 8.17+0.04
−0.05 2006-02-28 Ks 5.911
+0.086
−0.083 3.96±0.02 0.47±0.01 0.46±0.01 0.47±0.01 0.47±0.01 0.45±0.01 0.48±0.01 0.47±0.01 0.118±0.003
2008-01-18 Ks 6.1+0.1
−0.1 0.43±0.02 0.42±0.02 0.44±0.02 0.44±0.02 0.42±0.01 0.45±0.01 0.43±0.02 0.110±0.004
53272 7.97+0.06
−0.07 2006-02-13 Ks 0.2
+0.2
−0.2 4.1±0.1 3.6±0.2 3.8±0.2 3.7±0.2 3.7±0.2 3.7±0.2 0.89±0.06
2008-02-15 Ks 0.2+0.2
−0.2 3.6±0.2 3.8±0.2 3.7±0.2 3.7±0.2 3.7±0.2 0.89±0.06
54557 8.0+0.1
−0.2 2006-02-28 Ks 3.8
+0.4
−0.3 2.512±0.001 0.93±0.08 0.91±0.08 0.95±0.08 0.93±0.09 0.94±0.09 0.93±0.08 0.37±0.03
2006-03-26 Ks 3.9+0.4
−0.3 0.92±0.08 0.90±0.08 0.93±0.08 0.92±0.09 0.93±0.09 0.92±0.08 0.37±0.03
2007-03-01 Ks 3.7+0.4
−0.3 0.96±0.08 0.94±0.08 0.98±0.08 0.97±0.09 0.98±0.09 0.96±0.08 0.38±0.03
2008-02-20 Ks 3.7+0.4
−0.3 0.96±0.08 0.94±0.08 0.97±0.08 0.96±0.09 0.97±0.09 0.96±0.08 0.38±0.03
2011-02-13 J 4.83+0.41
−0.31 0.82±0.06 0.80±0.06 0.84±0.07 0.82±0.06 0.81±0.07 0.88±0.08 0.35±0.03
Ks 3.8+0.4
−0.3 0.94±0.08 0.92±0.08 0.96±0.08 0.95±0.09 0.96±0.09 0.88±0.08 0.35±0.03
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54829 7.39+0.03
−0.04 2011-04-24 Ks 3.81
+0.40
−0.31 9.1±0.4 0.87±0.09 0.92±0.08 0.94±0.09 0.89±0.08 0.90±0.08 0.10±0.01
55597 7.4+0.2
−0.3 2006-01-17 Ks 1.0
+0.1
−0.1 3.99±0.04 3.1±0.1 2.9±0.1 2.9±0.1 3.0±0.1 0.74±0.03
2008-02-24 Ks 1.10+0.13
−0.13 3.1±0.1 2.8±0.1 2.8±0.1 2.9±0.1 0.73±0.04
55657 7.49+0.05
−0.05 2006-01-06 Ks 6.06
+0.30
−0.29 7.5±0.1 0.44±0.05 0.26±0.05 0.24±0.06 0.43±0.05 0.29±0.05 0.33±0.05 0.045±0.007
2008-02-24 Ks 6.07+0.46
−0.45 0.44±0.07 0.27±0.07 0.24±0.08 0.42±0.07 0.29±0.08 0.33±0.07 0.04±0.01
58326 7.1+0.3
−0.7 2006-02-13 Ks 6.9
+0.2
−0.2 5.7±0.3 0.31±0.02 0.09±0.04 0.100±0.009 0.29±0.02 0.13±0.02 0.18±0.03 0.032±0.005
2008-01-10 Ks 6.86+0.37
−0.36 0.31±0.04 0.09±0.04 0.10±0.01 0.29±0.04 0.14±0.03 0.18±0.04 0.032±0.007
60189 8.21+0.04
−0.05 2005-02-06 Ks 6.2
+0.3
−0.3 3.3±0.1 0.42±0.05 0.40±0.05 0.43±0.04 0.43±0.05 0.40±0.05 0.44±0.04 0.42±0.04 0.13±0.01
60449 8.47+0.04
−0.05 2005-02-12 Ks 5.73
+0.14
−0.14 3.1±0.1 0.50±0.02 0.50±0.03 0.51±0.02 0.51±0.02 0.49±0.02 0.52±0.02 0.51±0.02 0.164±0.009
2008-02-14 Ks 5.743+0.090
−0.086 0.50±0.01 0.49±0.02 0.51±0.01 0.50±0.01 0.48±0.01 0.52±0.01 0.50±0.01 0.163±0.007
61789 8.06+0.02
−0.02 2005-02-03 Ks 2.69
+0.06
−0.06 3.68±0.08 1.28±0.02 1.25±0.02 1.28±0.01 1.28±0.02 1.31±0.02 1.28±0.02 0.347±0.009
62026 8.3+0.2
−0.2 2004-04-07 Ks 2.598
+0.101
−0.093 2.5114±0.0002 1.31±0.03 1.28±0.03 1.32±0.05 1.32±0.03 1.34±0.03 1.31±0.04 0.52±0.01
63005 7.5+0.1
−0.2 2011-05-09 Ks 4.0
+0.1
−0.1 3.98±0.02 0.80±0.03 0.85±0.03 0.88±0.03 0.83±0.03 0.84±0.03 0.211±0.008
63945 6.8+0.3
−0.8 2005-03-25 Ks 2.897
+0.072
−0.068 6.8±0.3 1.1±0.1 1.1±0.4 1.22±0.02 1.15±0.07 1.1±0.2 0.17±0.03
64053 8.0+0.1
−0.1 2006-02-13 Ks 9.1
+0.3
−0.3 2.777±0.007 0.11±0.01 0.06±0.01 0.09±0.01 0.031±0.004
64515 8.81+0.04
−0.04 2005-03-07 Ks 1.58
+0.19
−0.16 2.31±0.04 1.73±0.08 1.83±0.07 1.82±0.08 1.82±0.08 1.80±0.08 0.78±0.04
2006-02-12 Ks 1.58+0.19
−0.16 1.73±0.08 1.83±0.07 1.82±0.08 1.82±0.08 1.80±0.08 0.78±0.04
67472 7.28+0.08
−0.09 2005-03-25 Ks 3.9
+0.1
−0.1 8.7±0.2 0.82±0.04 0.90±0.04 0.91±0.02 0.85±0.04 0.87±0.04 0.100±0.005
2011-05-09 Ks 4.079+0.094
−0.093 0.74±0.04 0.81±0.05 0.85±0.02 0.77±0.03 0.79±0.04 0.091±0.005
67669 7.4+0.2
−0.3 2005-02-03 Ks 1.63
+0.23
−0.19 3.9808±0.0005 2.2±0.3 2.2±0.2 2.2±0.2 2.2±0.3 0.55±0.07
67703 7.6+0.1
−0.2 2004-06-29 Ks 3.22
+0.15
−0.14 3.1621±0.0007 1.05±0.05 1.08±0.05 1.11±0.04 1.10±0.06 1.09±0.05 0.34±0.02
70915 8.20+0.05
−0.06 2006-02-25 Ks 4.24
+0.16
−0.15 3.24±0.08 0.81±0.04 0.80±0.03 0.82±0.04 0.81±0.03 0.81±0.04 0.81±0.03 0.25±0.01
2008-02-22 Ks 3.89+0.16
−0.15 0.92±0.03 0.89±0.03 0.93±0.04 0.91±0.04 0.91±0.04 0.91±0.04 0.28±0.01
71762 8.33+0.06
−0.08 2005-02-03 Ks 1.08
+0.32
−0.24 2.97±0.07 2.4±0.2 2.5±0.2 2.5±0.2 2.5±0.2 2.5±0.2 0.83±0.07
73111 8.18+0.07
−0.09 2005-03-25 Ks 0.74
+0.27
−0.22 3.20±0.08 2.8±0.2 3.0±0.2 2.9±0.2 2.9±0.2 2.9±0.2 0.91±0.06
74750 6.92+0.04
−0.04 2005-03-25 Ks 0.04
+0.53
−0.36 12.9±0.3 5.1±0.9 5.0±0.9 5.1±0.9 0.39±0.07
75264 7.27+0.06
−0.07 2005-03-25 Ks −0.29
+0.39
−0.35 8.6±0.2 5.6±0.7 5.4±0.7 5.4±0.7 5.5±0.7 0.63±0.08
2011-05-09 Ks −0.31+0.39
−0.35 5.6±0.7 5.5±0.7 5.4±0.7 5.5±0.7 0.64±0.08
76503 7.99+0.03
−0.03 2012-07-13 Ks 9.49
+0.20
−0.19 3.9±0.1 0.050±0.004 0.050±0.004 0.013±0.001
77634 8.32+0.03
−0.03 2005-02-05 Ks 8.25
+0.18
−0.18 3.05±0.05 0.16±0.01 0.14±0.01 0.13±0.01 0.161±0.007 0.16±0.01 0.15±0.01 0.049±0.004
77840 7.1+0.2
−0.3 2012-07-13 Ks 0.93
+0.19
−0.16 6.9999±0.0003 3.1±0.5 3.1±0.2 2.9±0.5 3.0±0.4 0.43±0.06
78968 7.9+0.1
−0.1 2004-05-05 Ks 8.75
+0.37
−0.29 2.5117±0.0003 0.13±0.01 0.07±0.02 0.101±0.006 0.10±0.01 0.040±0.005
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79005 8.35+0.04
−0.05 2004-07-04 Ks 3.06
+0.16
−0.14 2.7±0.1 1.15±0.04 1.12±0.04 1.17±0.04 1.16±0.04 1.17±0.04 1.15±0.04 0.43±0.02
2006-04-27 Ks 2.92+0.17
−0.15 1.19±0.04 1.16±0.04 1.21±0.04 1.20±0.04 1.22±0.05 1.20±0.04 0.45±0.02
2006-06-01 Ks 2.97+0.16
−0.14 1.18±0.04 1.15±0.04 1.20±0.04 1.19±0.04 1.20±0.04 1.18±0.04 0.45±0.02
79098 8.36+0.02
−0.02 2005-03-13 Ks 8.17
+0.23
−0.23 2.96±0.05 0.16±0.01 0.15±0.02 0.14±0.01 0.168±0.008 0.17±0.02 0.16±0.01 0.054±0.005
79230 6.9+0.1
−0.2 2004-04-10 H 1.7
+0.9
−0.5 7.4±0.1 1.9±0.8 2.3±0.7 2.1±0.7 2.1±0.7 0.3±0.1
79410 7.9+0.1
−0.1 2004-06-20 Ks 9.39
+0.42
−0.32 2.5117±0.0003 0.05±0.01 0.05±0.01 0.020±0.004
79622 7.81+0.04
−0.05 2012-07-13 Ks 3.8
+1.4
−1.4 3.63±0.02 0.9±0.3 0.9±0.3 0.9±0.4 1.0±0.3 1.0±0.4 1.0±0.3 0.26±0.09
79739 8.1+0.1
−0.2 2004-06-20 Ks 5.35
+0.34
−0.26 3.1611±0.0008 0.59±0.05 0.58±0.05 0.56±0.04 0.58±0.06 0.57±0.05 0.57±0.04 0.57±0.05 0.18±0.02
80142 7.2+0.2
−0.6 2004-05-05 Ks 3.88
+0.17
−0.15 3.15±0.07 0.7±0.2 0.8±0.2 0.91±0.04 0.7±0.2 0.8±0.2 0.25±0.06
80461 7.51+0.09
−0.11 2012-09-09 Ks 1.3
+0.2
−0.2 4.84±0.02 2.8±0.3 2.6±0.2 2.6±0.2 2.7±0.2 0.55±0.05
80473 7.47+0.05
−0.05 2012-06-11 Ks −1.41
+0.57
−0.56 7.4±0.1 7.0±0.3 7.2±0.8 7.1±0.8 7.1±0.7 0.97±0.09
80474 7.3+0.3
−0.7 2004-06-28 Ks 5.51
+0.19
−0.17 3.2±0.1 0.55±0.03 0.3±0.1 0.3±0.1 0.53±0.03 0.3±0.1 0.4±0.1 0.12±0.03
2011-05-09 Ks 5.79+0.20
−0.17 0.50±0.03 0.2±0.1 0.2±0.1 0.48±0.03 0.3±0.1 0.34±0.09 0.11±0.03
80493 7.88+0.09
−0.11 2012-09-09 Ks 2.49
+0.30
−0.23 2.5117±0.0003 1.3±0.2 1.28±0.05 1.4±0.1 1.4±0.1 1.4±0.1 1.4±0.1 0.54±0.06
82902 8.3+0.1
−0.2 2004-06-21 Ks 8.96
+0.28
−0.28 2.5114±0.0002 0.11±0.01 0.09±0.02 0.100±0.004 0.11±0.01 0.10±0.01 0.041±0.005
2006-06-09 Ks 8.87+0.25
−0.25 0.12±0.01 0.10±0.02 0.100±0.004 0.11±0.01 0.11±0.01 0.042±0.005
87220 8.23+0.01
−0.01 2005-03-25 Ks 6.76
+0.18
−0.18 3.98±0.02 0.32±0.02 0.31±0.02 0.33±0.03 0.31±0.03 0.30±0.02 0.35±0.02 0.32±0.02 0.081±0.006
2011-05-09 Ks 6.99+0.18
−0.18 0.29±0.02 0.28±0.02 0.29±0.03 0.27±0.03 0.27±0.02 0.31±0.02 0.28±0.02 0.071±0.006
88149 7.10+0.05
−0.06 2005-03-26 Ks 0.66
+0.13
−0.12 8.1±0.1 3.8±0.2 3.5±0.2 3.5±0.2 3.6±0.2 0.45±0.02
2011-05-09 Ks 0.55+0.13
−0.12 4.0±0.2 3.7±0.2 3.7±0.2 3.8±0.2 0.47±0.02
88859 8.17+0.06
−0.07 2005-03-13 Ks 2.17
+0.43
−0.31 3.90±0.09 1.5±0.2 1.334±0.002 1.6±0.2 1.6±0.2 1.6±0.2 1.5±0.2 0.40±0.05
89684 8.47+0.03
−0.03 2005-07-19 Ks 4.79
+0.19
−0.17 3.13±0.04 0.70±0.03 0.68±0.03 0.67±0.03 0.70±0.03 0.68±0.03 0.67±0.03 0.69±0.03 0.22±0.01
2011-05-09 Ks 4.90+0.19
−0.17 0.68±0.03 0.66±0.03 0.65±0.03 0.68±0.03 0.66±0.03 0.65±0.03 0.66±0.03 0.21±0.01
90096 8.20+0.02
−0.03 2005-03-29 Ks 3.21
+0.17
−0.15 3.9±0.1 1.10±0.04 1.07±0.04 1.12±0.04 1.11±0.04 1.12±0.04 1.11±0.04 0.28±0.01
2011-05-09 Ks 3.18+0.17
−0.15 1.12±0.03 1.08±0.04 1.13±0.04 1.12±0.04 1.13±0.04 1.12±0.04 0.28±0.01
90766 8.0+0.1
−0.2 2010-06-25 Ks 2.61
+0.44
−0.32 2.516±0.008 1.3±0.1 1.22±0.06 1.3±0.2 1.4±0.1 1.4±0.2 1.3±0.1 0.52±0.06
91014 7.39+0.04
−0.04 2005-04-12 Ks 1.8
+0.2
−0.2 8.7±0.3 2.0±0.3 2.0±0.2 2.0±0.2 2.0±0.2 0.23±0.03
93805 8.4+0.1
−0.1 2008-08-21 Ks 4.67
+0.31
−0.31 2.5113±0.0004 0.71±0.06 0.70±0.05 0.73±0.05 0.70±0.06 0.70±0.06 0.71±0.05 0.28±0.02
2009-04-26 Ks 4.52+0.32
−0.32 0.75±0.06 0.73±0.06 0.76±0.06 0.74±0.06 0.74±0.07 0.74±0.06 0.30±0.02
99457 7.06+0.06
−0.07 2005-05-22 Ks 2.52
+1.00
−0.52 1.2±0.1 1.3±0.5 1.6±0.5 1.6±0.5 1.4±0.4 0.13±0.04
100751 7.5+0.1
−0.2 2005-08-19 Ks 6.86
+0.55
−0.55 6.4±0.2 0.31±0.07 0.16±0.06 0.14±0.05 0.29±0.07 0.18±0.05 0.22±0.06 0.034±0.009
100881 8.18+0.06
−0.06 2008-10-30 Ks 1.66
+0.23
−0.19 3.97±0.02 2.0±0.2 2.1±0.2 2.0±0.2 2.0±0.2 2.0±0.2 0.51±0.04
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Mcomp
HIP log(Age[yr ]) Date Band MX ,comp Mprim (1) (2) (3) (4) (5) (6) Mcomp q
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2012-09-19 Ks 2.07+0.24
−0.19 1.6±0.1 1.7±0.1 1.6±0.1 1.7±0.1 1.6±0.1 0.41±0.04
105842 8.6+0.2
−0.3 2008-08-07 H 3.88
+1.06
−0.54 1.84±0.03 0.9±0.2 1.0±0.2 0.9±0.2 1.0±0.2 1.0±0.2 1.0±0.2 0.5±0.1
113031 8.19+0.05
−0.06 2004-10-20 Ks −0.06
+0.25
−0.21 4.1±0.1 3.4±0.2 3.6±0.2 3.6±0.2 3.6±0.2 3.6±0.2 0.88±0.05
2007-09-20 Ks 0.14+0.26
−0.22 3.3±0.2 3.5±0.2 3.4±0.2 3.4±0.2 3.4±0.2 0.84±0.05
116231 8.9+0.1
−0.2 2004-10-18 Ks 5.104
+0.038
−0.038 2.4±0.1 0.636±0.007 0.624±0.006 0.612±0.005 0.630±0.007 0.613±0.006 0.614±0.005 0.622±0.006 0.26±0.01
2004-10-19 Ks 5.055+0.043
−0.043 0.646±0.007 0.632±0.006 0.620±0.006 0.641±0.008 0.623±0.007 0.622±0.006 0.631±0.007 0.27±0.01
2012-09-18 Ks 5.180+0.035
−0.035 0.619±0.006 0.610±0.006 0.599±0.005 0.613±0.006 0.598±0.006 0.602±0.005 0.607±0.006 0.26±0.01
Higher-order multiple systems
24925AB 8.12+0.04
−0.05 2005-01-09 Ks 1.62
+1.22
−0.58 3.8±0.1 2.0±0.7 2.1±0.8 2.3±0.7 2.3±0.7 2.2±0.7 0.6±0.2
2012-09-19 Ks 1.63+1.22
−0.58 2.0±0.7 2.1±0.8 2.3±0.7 2.3±0.7 2.2±0.7 0.6±0.2
2013-01-04 Ks 1.60+1.22
−0.58 2.0±0.7 2.1±0.8 2.3±0.7 2.3±0.7 2.2±0.7 0.6±0.2
24925AC 2005-01-09 Ks 2.27+1.22
−0.58 1.5±0.6 1.1874±0.0008 1.6±0.7 1.8±0.6 1.8±0.6 1.6±0.5 0.4±0.1
2012-09-19 Ks 2.33+1.23
−0.58 1.4±0.6 1.1654±0.0005 1.5±0.6 1.7±0.6 1.8±0.6 1.5±0.5 0.4±0.1
2013-01-04 Ks 2.35+1.22
−0.58 1.4±0.6 1.1601±0.0005 1.5±0.6 1.7±0.6 1.7±0.6 1.5±0.5 0.4±0.1
26237AB 6.98+0.05
−0.06 2005-04-09 Ks −0.68
+1.05
−0.53 10.9±0.4 7.0±0.7 7.3±2.0 7.3±2.0 7.2±2.0 0.7±0.2
2012-09-19 Ks −0.63+1.05
−0.53 6.9±0.7 7.2±2.0 7.2±2.0 7.1±2.0 0.6±0.2
26237AC 2005-04-09 Ks 0.37+1.05
−0.54 4.4±2.0 4.6±1.0 4.6±1.0 4.5±2.0 0.4±0.1
2012-09-19 Ks 0.39+1.05
−0.53 4.3±2.0 4.6±1.0 4.6±1.0 4.5±2.0 0.4±0.1
26549AB 7.02+0.02
−0.03 2004-10-11 Ks −1.5
+3.3
−1.6 13.3±0.5 6.3±1.0 10.6±5.0 10.3±5.0 9.1±4.0 0.7±0.3
26549AC 2004-10-11 Ks −0.1+3.3
−1.6 4.9±2.0 7.6±6.0 7.3±6.0 6.6±5.0 0.5±0.4
26549AD 2004-10-11 Ks 2.6+3.3
−1.6 0.9±0.4 2.9±3.0 2.9±3.0 2.8±3.0 2.4±2.0 0.2±0.2
26549AE 2004-10-11 Ks 4.0+3.3
−1.6 0.4±0.2 1.5±2.0 1.6±1.0 1.5±1.0 1.2±1.0 0.09±0.09
26549AF 2004-10-11 Ks 4.6+3.3
−1.6 0.3±0.1 1.1±1.0 1.2±1.0 1.1±1.0 0.9±0.9 0.07±0.07
26549AG 2004-10-11 Ks 4.9+3.3
−1.6 0.2±0.1 0.8±0.8 1.1±0.8 0.9±0.9 0.7±0.7 0.06±0.06
39331AB 7.34+0.04
−0.05 2007-01-20 Ks 7.25
+1.36
−0.61 9.2±0.5 0.3±0.1 0.13±0.08 0.3±0.1 0.19±0.08 0.2±0.1 0.02±0.01
39331AC 2007-01-20 Ks 7.49+1.37
−0.61 0.3±0.1 0.11±0.07 0.3±0.1 0.2±0.1 0.02±0.01
42504AB 7.2+0.2
−0.4 2006-01-07 Ks 2.6
+0.1
−0.1 5.0±1.0 1.23±0.04 1.30±0.06 1.31±0.04 1.30±0.06 1.28±0.05 0.26±0.01
42504AC 2006-01-07 Ks 4.75+0.12
−0.11 0.71±0.02 0.5±0.1 0.5±0.1 0.69±0.02 0.5±0.1 0.6±0.1 0.11±0.02
46594AB 7.87+0.04
−0.04 2006-01-18 Ks 4.6
+0.1
−0.1 3.20±0.09 0.74±0.02 0.73±0.02 0.67±0.02 0.72±0.02 0.71±0.02 0.67±0.02 0.71±0.02 0.221±0.009
2008-03-10 Ks 4.5+0.1
−0.1 0.75±0.02 0.70±0.03 0.75±0.02 0.74±0.02 0.71±0.03 0.73±0.03 0.23±0.01
46594AC 2006-01-18 Ks 5.07+0.12
−0.12 0.64±0.02 0.64±0.02 0.59±0.02 0.62±0.02 0.62±0.02 0.60±0.01 0.62±0.02 0.193±0.008
2008-03-10 Ks 4.98+0.12
−0.12 0.66±0.02 0.65±0.02 0.61±0.02 0.64±0.02 0.64±0.02 0.61±0.01 0.63±0.02 0.198±0.008
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HIP log(Age[yr ]) Date Band MX ,comp Mprim (1) (2) (3) (4) (5) (6) Mcomp q
(mag) (M⊙) (M⊙) (M⊙) (M⊙) (M⊙) (M⊙) (M⊙) (M⊙)
51376AB 8.76+0.02
−0.02 2005-02-04 Ks 3.30
+0.19
−0.18 2.53±0.05 1.07±0.04 1.04±0.04 1.08±0.04 1.07±0.04 1.08±0.05 1.07±0.04 0.42±0.02
2005-02-14 Ks 3.55+0.17
−0.15 1.01±0.03 0.97±0.04 1.02±0.04 1.00±0.04 1.01±0.04 1.00±0.04 0.40±0.02
2008-02-25 Ks 3.41+0.17
−0.15 1.04±0.03 1.01±0.04 1.05±0.04 1.04±0.04 1.05±0.04 1.04±0.04 0.41±0.02
51376AC 2005-02-04 Ks 3.39+0.19
−0.18 1.04±0.04 1.01±0.04 1.06±0.04 1.05±0.04 1.05±0.05 1.04±0.04 0.41±0.02
2005-02-14 Ks 3.67+0.17
−0.15 0.98±0.04 0.94±0.04 0.98±0.04 0.96±0.04 0.97±0.04 0.97±0.04 0.38±0.02
2008-02-25 Ks 3.52+0.17
−0.16 1.02±0.04 0.98±0.04 1.02±0.04 1.01±0.04 1.01±0.04 1.01±0.04 0.40±0.02
54413AB 8.2+0.1
−0.1 2007-02-27 Ks 9.68
+0.34
−0.31 2.71±0.05 0.056±0.009 0.056±0.009 0.021±0.003
2008-02-20 Ks 9.93+0.34
−0.32 0.050±0.008 0.050±0.008 0.018±0.003
2009-02-20 Ks 9.48+0.28
−0.25 0.06±0.01 0.06±0.01 0.023±0.004
2010-12-25 Ks 9.58+0.30
−0.26 0.059±0.009 0.059±0.009 0.022±0.003
2011-03-25 Ks 9.16+0.29
−0.26 0.106±0.009 0.07±0.01 0.09±0.01 0.033±0.004
54413AC 2007-02-27 Ks 9.67+0.34
−0.31 0.056±0.009 0.056±0.009 0.021±0.003
2008-02-20 Ks 9.79+0.33
−0.31 0.053±0.008 0.053±0.008 0.020±0.003
2009-02-20 Ks 9.68+0.29
−0.26 0.056±0.008 0.056±0.008 0.021±0.003
2010-12-25 Ks 9.59+0.30
−0.26 0.058±0.009 0.058±0.009 0.022±0.003
2011-03-25 Ks 9.27+0.30
−0.26 0.07±0.01 0.07±0.01 0.026±0.004
56000AB 8.30+0.03
−0.03 2005-02-07 Ks 1.3
+0.4
−0.3 3.6±0.1 2.2±0.2 2.4±0.3 2.3±0.2 2.3±0.2 2.3±0.2 0.65±0.07
2008-02-24 Ks 1.6+0.4
−0.3 2.0±0.2 2.1±0.3 2.1±0.3 2.1±0.2 2.1±0.2 0.58±0.07
56000AC 2005-02-07 Ks 2.0+0.4
−0.3 1.7±0.2 1.8±0.2 1.7±0.2 1.8±0.2 1.7±0.2 0.49±0.07
2008-02-24 Ks 2.04+0.40
−0.31 1.6±0.2 1.7±0.2 1.7±0.2 1.7±0.2 1.7±0.2 0.47±0.06
56754AB 8.23+0.04
−0.04 2005-02-02 Ks 2.42
+0.09
−0.08 2.75±0.05 1.39±0.03 1.34±0.02 1.46±0.04 1.40±0.03 1.42±0.03 1.40±0.03 0.51±0.02
2008-01-10 Ks 2.408+0.090
−0.084 1.39±0.03 1.35±0.02 1.46±0.05 1.40±0.04 1.42±0.03 1.40±0.03 0.51±0.02
2011-04-22 Ks 2.416+0.086
−0.081 1.39±0.03 1.34±0.02 1.46±0.04 1.40±0.03 1.42±0.03 1.40±0.03 0.51±0.02
56754AC 2005-02-02 Ks 6.7+0.1
−0.1 0.33±0.01 0.32±0.01 0.34±0.02 0.33±0.02 0.31±0.01 0.36±0.01 0.33±0.01 0.121±0.006
2008-01-10 Ks 6.78+0.16
−0.16 0.32±0.02 0.31±0.02 0.33±0.02 0.31±0.03 0.30±0.02 0.35±0.02 0.32±0.02 0.115±0.008
2011-04-22 Ks 6.86+0.12
−0.12 0.31±0.01 0.30±0.01 0.31±0.02 0.29±0.02 0.29±0.01 0.33±0.02 0.30±0.02 0.111±0.006
60851AB 9.07+0.02
−0.02 2004-04-07 Ks 6.31
+0.13
−0.13 1.994±0.003 0.39±0.02 0.38±0.02 0.41±0.02 0.40±0.02 0.37±0.02 0.44±0.02 0.40±0.02 0.200±0.009
60851AC 2004-04-07 Ks 6.39+0.25
−0.25 0.38±0.04 0.37±0.03 0.40±0.03 0.39±0.04 0.36±0.04 0.42±0.03 0.39±0.03 0.19±0.02
62058AB 7.7+0.1
−0.2 2005-02-14 Ks 8.2
+0.4
−0.4 3.1620±0.0003 0.16±0.03 0.08±0.02 0.17±0.01 0.14±0.02 0.044±0.006
62058AC 2005-02-14 Ks 8.92+0.53
−0.53 0.12±0.02 0.05±0.01 0.08±0.02 0.026±0.006
69113AB 8.36+0.03
−0.03 2004-05-01 Ks 4.33
+0.17
−0.16 2.80±0.09 0.79±0.04 0.78±0.03 0.79±0.03 0.78±0.03 0.79±0.04 0.79±0.03 0.28±0.02
69113AC 2004-05-01 Ks 4.39+0.17
−0.16 0.77±0.03 0.76±0.03 0.78±0.03 0.77±0.03 0.77±0.04 0.77±0.03 0.28±0.02
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74911AB 8.19+0.03
−0.03 2005-03-25 Ks 0.27
+0.17
−0.15 3.7±0.2 3.2±0.1 3.4±0.1 3.3±0.1 3.3±0.1 3.3±0.1 0.88±0.06
74911AC 2005-03-25 Ks 7.78+0.23
−0.21 0.20±0.02 0.19±0.02 0.18±0.02 0.15±0.02 0.19±0.01 0.19±0.02 0.18±0.02 0.049±0.005
77562AB 8.0+0.1
−0.2 2004-06-30 Ks 8.45
+0.14
−0.14 2.5±0.6 0.141±0.008 0.10±0.02 0.11±0.01 0.12±0.01 0.047±0.005
2006-04-28 Ks 8.38+0.28
−0.28 0.15±0.02 0.10±0.02 0.12±0.02 0.12±0.02 0.049±0.007
77562AC 2004-06-30 Ks 9.00+0.17
−0.17 0.111±0.006 0.07±0.01 0.09±0.01 0.036±0.004
2006-04-28 Ks 8.81+0.33
−0.33 0.12±0.01 0.08±0.02 0.10±0.02 0.040±0.006
77562AD 2004-06-30 Ks 9.19+0.18
−0.18 0.104±0.006 0.06±0.01 0.082±0.009 0.033±0.004
2006-04-28 Ks 9.11+0.37
−0.37 0.11±0.01 0.07±0.02 0.09±0.01 0.034±0.006
77562AE 2004-06-30 Ks 9.07+0.18
−0.18 0.108±0.006 0.07±0.01 0.09±0.01 0.035±0.004
2006-04-28 Ks 9.73+0.51
−0.51 0.05±0.01 0.05±0.01 0.019±0.005
79153AB 8.7+0.1
−0.2 2004-06-30 Ks 9.38
+0.25
−0.25 1.99±0.04 0.097±0.009 0.100±0.003 0.111±0.009 0.103±0.008 0.052±0.004
2006-04-28 Ks 9.23+0.34
−0.33 0.10±0.01 0.103±0.006 0.12±0.01 0.11±0.01 0.055±0.005
79153AC 2004-06-30 Ks 9.73+0.29
−0.28 0.086±0.009 0.100±0.008 0.093±0.008 0.047±0.004
2006-04-28 Ks 9.7+0.4
−0.4 0.09±0.01 0.100±0.001 0.107±0.008 0.098±0.008 0.049±0.004
79199AB 8.1+0.1
−0.1 2004-07-05 Ks 4.111
+0.094
−0.087 3.161±0.002 0.85±0.02 0.83±0.02 0.86±0.02 0.84±0.02 0.85±0.02 0.85±0.02 0.268±0.007
2011-05-09 Ks 4.092+0.093
−0.086 0.85±0.02 0.83±0.02 0.87±0.02 0.85±0.02 0.85±0.02 0.85±0.02 0.269±0.007
79199AC 2004-07-05 Ks 6.93+0.22
−0.21 0.30±0.03 0.29±0.03 0.27±0.04 0.26±0.04 0.28±0.03 0.29±0.04 0.28±0.03 0.09±0.01
2011-05-09 Ks 7.07+0.12
−0.11 0.28±0.01 0.27±0.01 0.25±0.03 0.23±0.03 0.26±0.01 0.27±0.03 0.26±0.02 0.081±0.007
79399AB 8.1+0.1
−0.2 2004-06-29 Ks 2.24
+0.18
−0.15 2.60±0.05 1.48±0.09 1.378±0.002 1.57±0.09 1.5±0.1 1.54±0.09 1.50±0.08 0.58±0.03
2006-04-27 Ks 2.27+0.18
−0.16 1.48±0.08 1.362±0.002 1.56±0.09 1.50±0.09 1.52±0.09 1.48±0.08 0.57±0.03
79399AC 2004-06-29 Ks 2.65+0.18
−0.16 1.29±0.05 1.27±0.06 1.29±0.08 1.31±0.05 1.33±0.06 1.30±0.06 0.50±0.03
2006-04-27 Ks 3.04+0.18
−0.16 1.16±0.05 1.13±0.04 1.18±0.05 1.17±0.05 1.18±0.05 1.16±0.05 0.45±0.02
79399AD 2004-06-29 Ks 7.71+0.20
−0.18 0.20±0.02 0.19±0.02 0.16±0.03 0.14±0.02 0.19±0.01 0.17±0.03 0.18±0.02 0.068±0.008
2006-04-27 Ks 7.48+0.29
−0.28 0.23±0.03 0.22±0.02 0.19±0.04 0.17±0.04 0.21±0.02 0.20±0.04 0.20±0.03 0.08±0.01
79771AB 8.0+0.1
−0.2 2004-06-20 Ks 4.74
+0.31
−0.25 2.5117±0.0002 0.70±0.05 0.67±0.05 0.71±0.05 0.69±0.05 0.67±0.05 0.69±0.05 0.27±0.02
2012-07-13 Ks 5.03+0.31
−0.24 0.66±0.05 0.64±0.05 0.61±0.04 0.64±0.05 0.63±0.04 0.61±0.04 0.63±0.05 0.25±0.02
79771AC 2004-06-20 Ks 5.33+0.31
−0.24 0.59±0.05 0.58±0.04 0.56±0.04 0.57±0.06 0.57±0.05 0.56±0.04 0.57±0.05 0.23±0.02
2012-07-13 Ks 5.22+0.31
−0.24 0.61±0.05 0.60±0.05 0.57±0.04 0.60±0.05 0.59±0.05 0.58±0.04 0.59±0.05 0.24±0.02
81472AB 6.7+0.2
−0.3 2005-03-25 Ks 6.9
+0.4
−0.3 7.000±0.003 0.31±0.04 0.05±0.02 0.18±0.03 0.026±0.005
2011-05-09 Ks 6.8+0.4
−0.3 0.32±0.04 0.05±0.02 0.19±0.03 0.027±0.005
81472AC 2005-03-25 Ks 6.9+0.4
−0.3 0.31±0.04 0.05±0.02 0.18±0.03 0.026±0.005
2011-05-09 Ks 6.8+0.4
−0.3 0.33±0.04 0.05±0.02 0.19±0.03 0.027±0.005
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81972AB 7.2+0.2
−0.5 2004-06-28 Ks 4.17
+0.12
−0.11 5.5±0.2 0.6±0.2 0.6±0.2 0.83±0.03 0.6±0.2 0.7±0.1 0.12±0.03
81972AC 2004-06-28 Ks 4.20+0.12
−0.11 0.6±0.2 0.6±0.2 0.82±0.03 0.6±0.2 0.7±0.1 0.12±0.03
81972AD 2004-06-28 Ks 5.16+0.12
−0.11 0.63±0.02 0.3±0.1 0.3±0.1 0.60±0.02 0.4±0.1 0.4±0.1 0.08±0.02
81972AE 2004-06-28 Ks 7.60+0.13
−0.12 0.21±0.01 0.06±0.02 0.201±0.009 0.16±0.02 0.029±0.003
81972AF 2004-06-28 Ks 8.63+0.15
−0.14 0.131±0.007 0.131±0.007 0.024±0.001
83336AB 8.17+0.03
−0.03 2004-06-26 Ks 6.20
+0.17
−0.16 3.5±0.2 0.42±0.02 0.40±0.03 0.43±0.02 0.42±0.02 0.40±0.03 0.44±0.02 0.42±0.02 0.120±0.009
2006-06-26 Ks 6.05+0.17
−0.16 0.44±0.03 0.43±0.03 0.45±0.02 0.45±0.02 0.43±0.02 0.46±0.02 0.44±0.02 0.13±0.01
83336AC 2004-06-26 Ks 6.18+0.17
−0.16 0.42±0.02 0.40±0.02 0.43±0.02 0.43±0.02 0.41±0.03 0.44±0.02 0.42±0.02 0.121±0.009
2006-06-26 Ks 6.04+0.17
−0.16 0.44±0.03 0.43±0.03 0.45±0.02 0.45±0.02 0.43±0.02 0.46±0.02 0.44±0.02 0.13±0.01
83336AD 2004-06-26 Ks 7.44+0.22
−0.21 0.23±0.02 0.22±0.02 0.21±0.02 0.19±0.02 0.22±0.02 0.23±0.03 0.22±0.02 0.063±0.007
2006-06-26 Ks 7.79+0.25
−0.24 0.19±0.02 0.19±0.02 0.17±0.02 0.15±0.02 0.19±0.01 0.19±0.02 0.18±0.02 0.052±0.006
85442AB 8.52+0.02
−0.02 2005-03-25 Ks 5.91
+0.25
−0.21 3.11±0.07 0.47±0.04 0.46±0.04 0.49±0.03 0.47±0.03 0.46±0.03 0.50±0.03 0.47±0.03 0.15±0.01
2011-05-09 Ks 6.03+0.25
−0.21 0.45±0.04 0.43±0.04 0.47±0.03 0.45±0.03 0.43±0.03 0.48±0.03 0.45±0.03 0.15±0.01
85442AC 2005-03-25 Ks 6.40+0.26
−0.22 0.38±0.03 0.37±0.03 0.40±0.03 0.39±0.03 0.36±0.04 0.42±0.03 0.39±0.03 0.12±0.01
2011-05-09 Ks 6.60+0.25
−0.22 0.35±0.03 0.33±0.03 0.37±0.03 0.35±0.03 0.33±0.03 0.40±0.03 0.36±0.03 0.11±0.01
85442AD 2005-03-25 Ks 6.78+0.26
−0.23 0.32±0.03 0.31±0.03 0.34±0.03 0.32±0.04 0.30±0.03 0.37±0.03 0.33±0.03 0.10±0.01
2011-05-09 Ks 6.84+0.26
−0.22 0.31±0.03 0.30±0.03 0.33±0.03 0.31±0.04 0.29±0.03 0.36±0.03 0.32±0.03 0.10±0.01
85442AE 2005-03-25 Ks 6.89+0.27
−0.23 0.30±0.03 0.29±0.03 0.32±0.03 0.30±0.04 0.28±0.03 0.35±0.03 0.31±0.03 0.10±0.01
2011-05-09 Ks 6.91+0.26
−0.22 0.30±0.03 0.29±0.03 0.32±0.03 0.30±0.04 0.28±0.03 0.35±0.03 0.31±0.03 0.10±0.01
85727AB 7.96+0.03
−0.03 2008-08-21 Ks 8.06
+0.32
−0.32 3.95±0.05 0.17±0.02 0.12±0.02 0.11±0.01 0.18±0.01 0.12±0.02 0.14±0.02 0.035±0.005
85727AC 2008-08-21 Ks 9.7+0.5
−0.5 0.044±0.008 0.044±0.008 0.011±0.002
85783AB 8.1+0.1
−0.1 2005-03-13 Ks 2.32
+0.19
−0.16 2.52±0.03 1.43±0.09 1.336±0.003 1.53±0.09 1.47±0.09 1.49±0.09 1.45±0.08 0.58±0.03
2011-04-04 Ks 2.32+0.19
−0.16 1.43±0.08 1.335±0.003 1.53±0.09 1.47±0.09 1.49±0.09 1.45±0.08 0.58±0.03
2011-05-09 Ks 2.30+0.19
−0.16 1.45±0.09 1.345±0.003 1.54±0.09 1.48±0.09 1.50±0.09 1.46±0.08 0.58±0.03
85783AC 2005-03-13 Ks 7.69+0.20
−0.17 0.20±0.02 0.20±0.02 0.17±0.02 0.14±0.02 0.19±0.01 0.18±0.03 0.18±0.02 0.072±0.008
2011-04-04 Ks 7.37+0.19
−0.17 0.24±0.02 0.23±0.02 0.21±0.03 0.18±0.03 0.22±0.02 0.23±0.03 0.22±0.02 0.087±0.009
2011-05-09 Ks 7.57+0.19
−0.17 0.22±0.02 0.21±0.02 0.18±0.02 0.16±0.02 0.20±0.01 0.20±0.03 0.20±0.02 0.077±0.008
87163AB 7.72+0.04
−0.05 2005-03-28 Ks −0.25
+0.36
−0.27 6.27±0.09 4.8±0.4 4.7±0.4 4.7±0.4 4.7±0.4 0.75±0.06
2011-05-09 Ks −0.01+0.36
−0.27 4.5±0.4 4.3±0.4 4.3±0.4 4.4±0.4 0.70±0.06
87163AC 2005-03-28 Ks 4.56+0.37
−0.28 0.69±0.05 0.72±0.06 0.74±0.06 0.70±0.06 0.71±0.06 0.114±0.009
2011-05-09 Ks 4.57+0.37
−0.28 0.69±0.05 0.72±0.06 0.73±0.06 0.70±0.06 0.71±0.06 0.113±0.009
87163AD 2005-03-28 Ks 5.8+0.4
−0.3 0.50±0.06 0.42±0.07 0.42±0.07 0.49±0.05 0.44±0.07 0.46±0.06 0.07±0.01











Table A5 – Continued from previous page
Mcomp
HIP log(Age[yr ]) Date Band MX ,comp Mprim (1) (2) (3) (4) (5) (6) Mcomp q
(mag) (M⊙) (M⊙) (M⊙) (M⊙) (M⊙) (M⊙) (M⊙) (M⊙)
2011-05-09 Ks 5.67+0.38
−0.29 0.52±0.06 0.44±0.07 0.45±0.07 0.51±0.05 0.47±0.07 0.48±0.06 0.08±0.01
87163AE 2005-03-28 Ks 5.7+0.4
−0.3 0.51±0.06 0.43±0.07 0.43±0.07 0.49±0.05 0.45±0.07 0.46±0.06 0.07±0.01
2011-05-09 Ks 5.7+0.4
−0.3 0.52±0.06 0.45±0.07 0.45±0.07 0.51±0.05 0.47±0.07 0.48±0.06 0.08±0.01
87163AF 2005-03-28 Ks 6.06+0.39
−0.31 0.45±0.05 0.35±0.07 0.36±0.07 0.43±0.05 0.37±0.07 0.39±0.06 0.06±0.01
2011-05-09 Ks 5.9+0.4
−0.3 0.47±0.05 0.38±0.07 0.39±0.07 0.46±0.05 0.41±0.07 0.42±0.06 0.07±0.01
87163AG 2005-03-28 Ks 6.47+0.41
−0.33 0.37±0.05 0.27±0.06 0.24±0.07 0.36±0.05 0.29±0.06 0.30±0.06 0.048±0.009
2011-05-09 Ks 5.77+0.51
−0.46 0.50±0.08 0.4±0.1 0.4±0.1 0.49±0.08 0.4±0.1 0.46±0.09 0.07±0.01
88012AB 7.67+0.04
−0.04 2005-03-27 Ks 3.94
+0.65
−0.41 6.5±0.2 0.9±0.1 0.9±0.1 0.9±0.1 0.9±0.2 0.9±0.1 0.14±0.02
88012AC 2005-03-27 Ks 4.74+0.65
−0.42 0.66±0.09 0.7±0.1 0.7±0.1 0.68±0.09 0.7±0.1 0.11±0.02
89963AB 8.05+0.03
−0.03 2011-07-19 Ks 0.63
+1.71
−0.73 4.5±0.1 3.0±0.9 3.2±1.0 3.3±0.9 3.3±0.9 3.2±1.0 0.7±0.2
89963AC 2011-07-19 Ks 2.27+1.72
−0.76 1.5±0.8 1.1274±0.0004 1.6±0.9 1.9±0.9 2.0±0.9 1.6±0.8 0.4±0.2
93892AB 8.36+0.05
−0.06 2004-10-08 Ks 5.73
+0.57
−0.38 3.22±0.06 0.52±0.08 0.50±0.08 0.52±0.06 0.51±0.07 0.50±0.08 0.53±0.06 0.51±0.07 0.16±0.02
2011-08-26 Ks 5.83+0.57
−0.38 0.50±0.08 0.48±0.08 0.51±0.06 0.49±0.07 0.48±0.07 0.51±0.06 0.49±0.07 0.15±0.02
93892AC 2004-10-08 Ks 7.94+0.59
−0.42 0.19±0.04 0.19±0.04 0.15±0.04 0.20±0.02 0.21±0.05 0.19±0.04 0.06±0.01
2011-08-26 Ks 7.6+0.6
−0.4 0.22±0.04 0.20±0.04 0.22±0.05 0.18±0.05 0.21±0.04 0.25±0.05 0.21±0.05 0.07±0.01
Note. Mcomp is the average mass obtained from available models. q is the mass ratio as function of the primary mass; q = MS/MP
References. (1) Delfosse et al. (2000); empirical mass-luminosity relation for M . 1.0M⊙. (2) Girardi et al. (2000). (3) Baraffe et al. (2002).











Table A6. Result table of visual binaries and multiple systems detected within the investigated VLT/NaCo data sample.
HIP CC# WDS MJD Θ PAa Band ∆m aproj. log(Age[yr ]) M1 Mcomp q Chance proj. prob. Comp.
desig. (days) (arcsec) (deg) (mag) (au) (M⊙) (M⊙) (%) statusb
Visual binaries and multiples with only one observation and without additional data points from literature
17563 1 – 53380.085 4.325±0.007 277.2±0.1 Ks 5.88±0.13 707.8+35.3
−32.1 7.1
+0.3
−0.7 5.9±0.3 0.39±0.09 0.07±0.02 4.43× 10
−2 nU
18213 1 – 53266.307 0.259±0.004 239.0±0.9 Ks 4.78±0.12 27.5+0.8
−0.7 7.6
+0.1
−0.2 3.7±0.1 0.56±0.06 0.15±0.02 4.27× 10
−5 nU
25657 1 – 54097.209 1.070±0.006 74.1±0.5 H 4.4793±0.0091 184.5+24.9
−19.6 7.9
+0.1
−0.1 2.5117±0.0002 0.52±0.04 0.21±0.02 1.35× 10
−2 nU
26549 4 – 53289.404 17.44±0.05 116.2±0.2 Ks 6.7±0.1 5737.9+8704.5
−4279.5 7.02
+0.02
−0.03 13.3±0.5 1.2±1.0 0.09±0.09 2.66× 10
0 nU
26549 5 – 53289.404 3.35±0.01 17.0±0.2 Ks 7.32±0.14 1102.1+1671.9
−822.0 7.02
+0.02
−0.03 13.3±0.5 0.9±0.9 0.07±0.07 1.52× 10
−1 nU
26549 6 – 53289.404 17.20±0.04 116.4±0.2 Ks 7.59±0.16 5657.0+8581.8
−4219.1 7.02
+0.02
−0.03 13.3±0.5 0.7±0.7 0.06±0.06 4.70× 10
0 nU
27810 1 – 53454.001 1.037±0.007 198.2±0.4 Ks 5.1701±0.0031 106.4+2.5
−2.4 7.5
+0.1
−0.2 3.9807±0.0004 0.48±0.05 0.12±0.01 1.70× 10
−3 U
32823 1 – 54458.281 1.194±0.007 250.9±0.5 H 5.277±0.021 918.5+28932.7
−452.1 7.4
+0.2
−0.3 3.981±0.001 0.4±2.0 0.1±0.4 1.73× 10
−1 nU
34041 1 – 54497.142 0.149±0.006 134.3±0.7 H 2.095±0.064 75.4+20.1
−13.4 7.40
+0.06
−0.07 6.77±0.09 3.0±0.6 0.45±0.08 6.09× 10
−5 nU
34153 1 – 54499.151 0.070±0.003 40.7±3.0 H 1.39±0.11 34.0+26.4
−10.4 7.8
+0.1
−0.1 3.162±0.007 1.6±0.8 0.5±0.2 4.03× 10
−5 nU
35110 1 – 54497.116 0.930±0.004 154.0±0.6 H 3.610±0.036 272.0+85.8
−52.6 7.8
+0.1
−0.1 3.162±0.001 0.8±0.1 0.24±0.04 1.91× 10
−2 nU
35413 1 – 54477.310 0.703±0.003 155.4±0.5 H 2.155±0.017 207.9+114.4
−54.5 7.1
+0.2
−0.6 5.0±1.0 0.9±0.3 0.18±0.06 7.04× 10
−3 nU
39331 1 – 54120.299 7.44±0.02 119.0±0.1 Ks 6.147±0.076 3219.2+2017.7
−895.4 7.34
+0.04
−0.05 9.2±0.5 0.2±0.1 0.02±0.01 1.98× 10
1 B
39331 2 – 54120.299 10.14±0.03 163.5±0.1 Ks 6.388±0.087 4390.4+2751.8
−1221.1 7.34
+0.04
−0.05 9.2±0.5 0.2±0.1 0.02±0.01 3.73× 10
1 B
39906 1 – 53523.981 0.336±0.005 201.2±0.5 Ks 6.332±0.093 47.9+1.7
−1.6 7.66
+0.03
−0.03 5.0±0.1 0.55±0.03 0.109±0.006 1.02× 10
−3 U
42504 1 * 53742.180 16.79±0.01 30.73±0.04 Ks 2.677±0.027 2278.5+110.2
−100.5 7.2
+0.2
−0.4 5.0±1.0 1.28±0.05 0.26±0.01 4.91× 10
−1 U
42504 2 – 53742.180 0.805±0.006 0.7±0.3 Ks 4.790±0.039 109.2+5.3
−4.9 7.2
+0.2
−0.4 5.0±1.0 0.6±0.1 0.11±0.02 5.86× 10
−3 nU
49712 1 – 53526.996 0.301±0.002 304.7±0.7 Ks 4.364±0.018 122.8+10.4
−8.9 7.58
+0.03
−0.03 7.5±0.2 2.5±0.2 0.33±0.03 3.73× 10
−4 U
50044 1 – 53523.994 5.13±0.03 135.8±0.3 Ks 8.10±0.11 3827.4+1057.3
−681.2 7.78
+0.09
−0.11 5.6±0.3 0.7±0.1 0.12±0.02 4.52× 10
0 U
54829 1 – 55675.969 8.21±0.03 140.8±0.2 Ks 7.064±0.099 5547.9+968.9
−718.2 7.39
+0.03
−0.04 9.1±0.4 0.90±0.08 0.10±0.01 6.10× 10
0 B
62058 1 – 53415.333 15.16±0.02 89.53±0.07 Ks 7.34±0.34 1775.5+75.9
−70.0 7.7
+0.1
−0.2 3.1620±0.0003 0.14±0.02 0.044±0.006 2.02× 10
1 B
62058 2 – 53415.333 3.930±0.008 109.6±0.1 Ks 8.10±0.47 460.2+19.7
−18.1 7.7
+0.1
−0.2 3.1620±0.0003 0.08±0.02 0.026±0.006 2.63× 10
0 nU
64053 1 – 53779.324 13.74±0.02 106.09±0.08 Ks 8.36±0.26 1375.5+45.6
−42.7 8.0
+0.1
−0.1 2.777±0.007 0.09±0.01 0.031±0.004 2.25× 10
1 B
76503 1 – 56121.084 7.05±0.02 225.5±0.2 Ks 9.73±0.11 1342.1+95.9
−84.0 7.99
+0.03
−0.03 3.9±0.1 0.050±0.004 0.013±0.001 9.36× 10
0 B
77634 1 – 53406.402 8.48±0.03 180.2±0.2 Ks 8.16±0.14 507.8+8.5
−8.2 8.32
+0.03
−0.03 3.05±0.05 0.15±0.01 0.049±0.004 1.46× 10
0 nU
79410 1 * 53176.088 3.24±0.05 340.8±0.8 Ks 8.125±0.078 454.4+86.0
−62.6 7.9
+0.1
−0.1 2.5117±0.0003 0.05±0.01 0.020±0.004 1.29× 10
0 U
79622 1 – 56121.208 0.38±0.01 144.9±0.6 Ks 3.9±1.4 56.7+4.0
−3.6 7.81
+0.04
−0.05 3.63±0.02 1.0±0.3 0.26±0.09 4.26× 10
−4 U
80493 1 – 56179.066 0.212±0.002 139.0±0.5 Ks 0.7131±0.0072 28.5+3.9
−3.1 7.88
+0.09
−0.11 2.5117±0.0003 1.4±0.1 0.54±0.06 5.77× 10
−5 nU
81972 5 – 53184.214 7.9±0.2 49.5±1.0 Ks 8.848±0.073 1292.5+73.4
−67.2 7.2
+0.2
−0.5 5.5±0.2 0.131±0.007 0.024±0.001 2.49× 10
1 B
88012 1 – 53456.432 6.03±0.04 56.1±0.4 Ks 6.538±0.068 3349.8+988.3
−621.8 7.67
+0.04
−0.04 6.5±0.2 0.9±0.1 0.14±0.02 1.66× 10
1 B
88012 2 – 53456.432 6.91±0.04 244.5±0.4 Ks 7.34±0.11 3839.8+1132.9
−712.8 7.67
+0.04
−0.04 6.5±0.2 0.7±0.1 0.11±0.02 2.49× 10
1 B
89963 2 – 55761.007 7.06±0.02 9.8±0.2 Ks 6.620±0.078 2802.9+2171.3
−851.8 8.05
+0.03
−0.03 4.5±0.1 1.6±0.8 0.4±0.2 2.34× 10
0 nU
91014 1 – 53472.339 0.248±0.003 183.2±0.5 Ks 4.32±0.02 100.6+11.4
−9.3 7.39
+0.04
−0.04 8.7±0.3 2.0±0.2 0.23±0.03 3.52× 10
−4 U
99457 1 – 53512.404 3.49±0.02 150.1±0.3 Ks 4.856±0.021 2492.4+1142.4
−596.1 7.06
+0.06
−0.07 10.9±0.4 1.4±0.4 0.13±0.04 1.11× 10
−1 U











Table A6 – Continued from previous page
HIP CC# WDS MJD Θ PAa Band ∆m aproj. log(Age[yr ]) M1 Mcomp q Chance proj. prob. Comp.
desig. (days) (arcsec) (deg) (mag) (au) (M⊙) (M⊙) (%) statusb
100751 1 – 53601.097 2.454±0.007 55.9±0.2 Ks 8.07±0.26 134.5+4.0
−3.7 7.5
+0.1
−0.2 6.4±0.2 0.22±0.06 0.034±0.009 1.07× 10
−2 U
Visual binaries and multiples with more than one observation, including data points from literature
2548 1 – 53710.049 0.2710±0.0009 278.0±0.2 Ks 1.1620±0.0044 21.9+1.0
−0.9 9.06
+0.03
−0.04 2.00±0.01 1.27±0.03 0.64±0.01 3.12× 10
−6 C
54359.246 0.241±0.001 275.6±0.2 Ks 1.1400±0.0054 19.5+0.9
−0.8 2.00±0.01 1.28±0.03 0.64±0.01 2.46× 10
−6 C
15627 1 * 54024.221 0.874±0.005 218.4±0.5 H 2.166±0.049 136.3+17.5
−14.0 7.64
+0.08
−0.09 4.4±0.1 2.1±0.2 0.46±0.06 1.11× 10
−4 U
16511 1 – 53376.049 0.128±0.003 110.1±1.0 Ks 2.547±0.025 13.7+0.6
−0.6 8.1
+0.1
−0.2 2.65±0.07 1.06±0.02 0.40±0.01 3.77× 10
−6 C
53700.139 0.143±0.002 112.6±0.3 Ks 2.710±0.025 15.3+0.7
−0.6 2.65±0.07 1.02±0.02 0.38±0.01 4.96× 10
−6 C
55798.407 0.189±0.004 107.8±0.7 Ks 2.353±0.029 20.3+1.0
−0.9 2.65±0.07 1.11±0.03 0.42±0.01 7.79× 10
−6 C
16803 1 – 53379.102 0.195±0.001 84.0±0.2 Ks 0.884±0.012 29.0+2.4
−2.1 8.47
+0.03
−0.03 3.13±0.04 2.4±0.1 0.78±0.03 9.22× 10
−7 C
54363.350 0.229±0.005 80.9±1.0 Ks 0.812±0.026 34.2+2.9
−2.6 3.13±0.04 2.5±0.1 0.79±0.03 1.27× 10
−6 C
54373.246 0.198±0.001 78.4±0.3 Ks 0.798±0.013 29.6+2.4
−2.1 3.13±0.04 2.5±0.1 0.79±0.03 9.50× 10
−7 C
20020 1 – 53347.154 4.102±0.005 2.56±0.06 Ks 1.331±0.028 579.4+28.3
−25.8 8.26
+0.03
−0.04 2.79±0.06 1.66±0.08 0.59±0.03 2.65× 10
−3 C
54363.374 4.115±0.007 1.94±0.08 Ks 1.355±0.034 581.2+28.4
−25.9 2.79±0.06 1.64±0.08 0.59±0.03 2.67× 10
−3 C
54373.288 4.113±0.004 1.94±0.03 Ks 1.3306±0.0095 581.0+28.4
−25.9 2.79±0.06 1.66±0.07 0.59±0.03 2.67× 10
−3 C
20042 1 AB 53690.201 5.389±0.005 162.16±0.06 Ks 6.208±0.067 294.0+2.4
−2.4 7.4
+0.2
−0.3 3.9807±0.0005 0.25±0.05 0.06±0.01 2.01× 10
−2 C
56189.188 5.431±0.009 162.51±0.05 Ks 7.0±0.1 296.3+2.5
−2.5 3.9807±0.0005 0.17±0.03 0.042±0.007 4.11× 10
−2 C
20554 1 * 53266.307 6.319±0.005 42.0±0.1 Ks 2.472±0.025 1388.8+175.3
−140.0 7.8
+0.1
−0.1 3.979±0.001 1.00±0.07 0.25±0.02 3.44× 10
−2 C
20804 1 – 53409.032 0.112±0.003 385.1±0.9 Ks 1.284±0.021 20.1+3.1
−2.4 8.18
+0.05
−0.05 3.8±0.2 2.8±0.2 0.72±0.07 1.67× 10
−6 U
56189.333 0.127±0.005 351.0±0.4 Ks 1.349±0.021 22.9+3.6
−2.8 3.8±0.2 2.7±0.2 0.71±0.07 2.25× 10
−6 U
56296.083 0.142±0.003 348.6±0.5 Ks 1.359±0.015 25.5+3.9
−3.0 3.8±0.2 2.7±0.2 0.71±0.07 2.81× 10
−6 U
23794 1 AB 53286.342 1.600±0.005 308.3±0.2 Ks 3.8271±0.0011 151.5+5.1
−4.7 8.73
+0.02
−0.02 2.497±0.009 0.82±0.02 0.327±0.007 1.54× 10
−3 C
56296.100 1.588±0.002 309.50±0.06 Ks 3.7869±0.0012 150.4+5.0
−4.7 2.497±0.009 0.83±0.02 0.332±0.007 1.48× 10
−3 C
24196 1 * 53347.205 0.1456±0.0005 345.1±0.2 Ks 0.806±0.021 57.3+23.1
−12.8 8.135
+0.009
−0.009 3.97±0.05 3.6±0.5 0.9±0.1 8.01× 10
−6 C
24305 1 – 53374.161 0.370±0.003 250.2±0.2 Ks 2.034±0.045 21.1+0.7
−0.7 7.995
+0.006
−0.006 3.97±0.02 1.8±0.2 0.45±0.06 5.81× 10
−6 U
56269.305 0.6172±0.0009 221.93±0.07 Ks 4.9289±0.0044 35.2+1.1
−1.1 3.97±0.02 0.70±0.05 0.18±0.01 1.41× 10
−4 U
24825 1 – 53471.968 0.287±0.004 297.0±0.6 Ks 4.0077±0.0086 75.5+10.7
−8.4 7.5
+0.1
−0.2 4.5±0.1 0.92±0.07 0.21±0.02 1.56× 10
−4 U
56189.401 0.299±0.001 289.1±0.2 Ks 4.157±0.014 78.6+11.1
−8.7 4.5±0.1 0.88±0.07 0.20±0.02 1.88× 10
−4 U
24925 1 Aa,Ab 53379.159 0.5102±0.0008 199.66±0.08 Ks 2.27637±0.00077 143.7+81.0
−38.1 8.12
+0.04
−0.05 3.8±0.1 2.2±0.7 0.6±0.2 1.69× 10
−4 C
56189.342 0.5084±0.0008 200.39±0.06 Ks 2.2885±0.0043 143.2+80.8
−38.0 3.8±0.1 2.2±0.7 0.6±0.2 1.67× 10
−4 C
56296.120 0.5086±0.0006 199.49±0.06 Ks 2.258±0.001 143.3+80.8
−38.0 3.8±0.1 2.2±0.7 0.6±0.2 1.63× 10
−4 C
24925 2 AB 53379.159 4.570±0.006 284.94±0.08 Ks 2.920±0.015 1287.4+725.9
−341.2 8.12
+0.04
−0.05 3.8±0.1 1.6±0.5 0.4±0.1 2.18× 10
−2 C
56189.342 4.579±0.004 284.79±0.05 Ks 2.988±0.022 1289.8+727.3
−341.8 3.8±0.1 1.5±0.5 0.4±0.1 2.35× 10
−2 C
56296.120 4.586±0.005 283.93±0.06 Ks 3.001±0.012 1291.8+728.4
−342.3 3.8±0.1 1.5±0.5 0.4±0.1 2.38× 10
−2 C
25365 1 – 53380.142 0.2994±0.0003 174.15±0.06 Ks 0.77417±0.00064 64.4+9.2
−7.1 7.3
+0.1
−0.2 5.1±0.1 2.9±0.3 0.58±0.06 2.44× 10
−5 C
56189.297 0.327±0.004 177.5±0.1 Ks 0.8243±0.0043 70.3+10.0
−7.8 5.1±0.1 2.9±0.3 0.57±0.06 3.05× 10
−5 C
26215 1 * 53348.200 2.799±0.002 351.90±0.04 Ks 4.166±0.017 961.7+287.7
−180.0 8.20
+0.08
−0.10 3.6±0.1 2.3±0.4 0.6±0.1 1.25× 10
−2 C
26235 1 Aa,Ab 54452.075 0.403±0.002 292.4±0.5 H 2.7250±0.0056 191.1+46.1
−31.1 7.05
+0.03
−0.03 13.2±0.5 7.0±0.9 0.53±0.07 6.79× 10
−5 C
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26237 1 Aa,Ab 53469.976 0.151±0.001 330.1±0.6 Ks 0.9890±0.0089 40.9+19.7
−10.0 6.98
+0.05
−0.06 10.9±0.4 7.2±2.0 0.7±0.2 4.01× 10
−6 U
56189.387 0.1586±0.0006 358.2±0.1 Ks 1.0510±0.0058 43.0+20.7
−10.5 10.9±0.4 7.1±2.0 0.6±0.2 4.60× 10
−6 U
26237 2 AB 53469.976 1.233±0.009 206.4±0.4 Ks 2.036±0.054 334.2+161.1
−82.1 6.98
+0.05
−0.06 10.9±0.4 4.5±2.0 0.4±0.1 7.00× 10
−4 U
56189.387 1.205±0.001 204.27±0.05 Ks 2.07312±0.00018 326.5+157.4
−80.1 10.9±0.4 4.5±2.0 0.4±0.1 6.86× 10
−4 U
26549 1 – 53289.404 0.254±0.002 101.0±0.4 Ks 1.174±0.012 83.7+127.0
−62.4 7.02
+0.02
−0.03 13.3±0.5 9.1±4.0 0.7±0.3 7.43× 10
−6 C
26549 2 AB,D 53289.404 13.00±0.03 84.0±0.2 Ks 2.602±0.016 4274.9+6485.0
−3188.3 7.02
+0.02
−0.03 13.3±0.5 6.6±5.0 0.5±0.4 5.83× 10
−2 C
26549 3 AB,G 53289.404 3.224±0.009 20.5±0.2 Ks 5.347±0.055 1060.5+1608.8
−791.0 7.02
+0.02
−0.03 13.3±0.5 2.4±2.0 0.2±0.2 3.30× 10
−2 U
26602 1 AB 53434.070 0.598±0.003 157.5±0.6 Ks 0.789±0.016 283.2+149.8
−72.8 8.15
+0.01
−0.01 3.8±0.2 4.0±0.7 1.1±0.2 1.02× 10
−4 C
56189.379 0.5907±0.0005 159.18±0.05 Ks 1.0376±0.0012 279.9+148.1
−72.0 3.8±0.2 3.9±0.7 1.0±0.2 1.16× 10
−4 C
28744 1 * 53456.004 0.582±0.003 271.0±0.3 Ks 4.6603±0.0029 234.7+101.8
−54.5 7.31
+0.03
−0.04 9.5±0.4 2.8±0.9 0.29±0.09 5.38× 10
−4 C
56189.324 0.560±0.001 271.17±0.09 Ks 4.55±0.02 226.0+98.0
−52.5 9.5±0.4 2.9±0.9 0.3±0.1 4.58× 10
−4 C
29401 1 * 53741.177 0.689±0.001 203.0±0.1 Ks 1.3978±0.0048 121.3+16.8
−13.1 7.66
+0.09
−0.11 3.20±0.06 2.0±0.3 0.64±0.08 2.73× 10
−4 C
56269.323 0.659±0.001 203.48±0.06 Ks 1.4168±0.0038 116.0+16.0
−12.6 3.20±0.06 2.0±0.3 0.63±0.08 2.50× 10
−4 C
29728 1 – 53470.975 0.395±0.003 277.8±0.5 Ks 3.8528±0.0071 79.2+7.5
−6.3 7.75
+0.08
−0.10 4.0±1.0 0.92±0.06 0.23±0.01 8.60× 10
−4 C
56189.360 0.3905±0.0007 282.5±0.1 Ks 3.85±0.01 78.2+7.4
−6.2 4.0±1.0 0.92±0.06 0.23±0.01 8.39× 10
−4 C
30493 1 * 53435.117 0.714±0.002 273.0±0.5 Ks 1.4331±0.0058 173.0+42.9
−28.7 8.3
+0.1
−0.1 2.93±0.08 2.0±0.3 0.7±0.1 7.54× 10
−4 U
56189.395 0.6829±0.0006 273.78±0.06 Ks 1.4073±0.0014 165.3+41.0
−27.4 2.93±0.08 2.0±0.3 0.7±0.1 6.76× 10
−4 U
30867 1 AB 53469.984 7.14±0.06 132.4±0.5 Ks 1.4915±0.0045 1480.4+448.3
−279.4 7.62
+0.03
−0.03 6.6±0.2 5.9±0.7 0.9±0.1 4.94× 10
−3 C
56189.317 7.117±0.006 132.63±0.05 Ks 1.5867±0.0081 1476.6+447.0
−278.4 6.6±0.2 5.8±0.7 0.9±0.1 5.22× 10
−3 C
31137 1 * 53470.984 2.45±0.01 229.5±0.3 Ks 2.749±0.011 568.3+55.0
−46.2 8.37
+0.03
−0.04 3.4±0.1 1.9±0.1 0.56±0.04 2.94× 10
−3 C
56189.351 2.451±0.002 229.10±0.08 Ks 2.804±0.018 568.6+55.0
−46.1 3.4±0.1 1.9±0.1 0.54±0.04 2.99× 10
−3 C
31959 1 – 54409.342 1.695±0.006 326.8±0.5 H 5.3509±0.0053 1039.9+725.8
−303.0 7.3
+0.1
−0.2 5.8±0.3 0.7±0.3 0.12±0.05 1.06× 10
−1 nC
54470.143 1.695±0.006 326.7±0.5 H 5.248±0.037 1039.7+725.7
−302.9 5.8±0.3 0.7±0.3 0.12±0.05 9.77× 10
−2 nC
56266.100 1.70±0.01 327.4±0.3 Ks 5.1416±0.0042 1043.3+728.2
−304.0 5.8±0.3 0.7±0.3 0.12±0.05 9.88× 10
−2 nC
34045 1 – 53408.131 0.3353±0.0006 114.9±0.2 Ks 4.6730±0.0075 45.4+1.3
−1.3 7.94
+0.01
−0.01 5.00±0.04 1.06±0.02 0.211±0.004 2.86× 10
−4 U
56298.140 0.3321±0.0009 100.6±0.1 Ks 4.690±0.011 45.0+1.3
−1.3 5.00±0.04 1.05±0.02 0.210±0.004 2.83× 10
−4 U
34338 1 – 53408.163 3.664±0.004 345.52±0.06 Ks 3.759±0.017 746.3+53.8
−47.0 8.63
+0.06
−0.07 2.8±0.1 6.21× 10
−2 B
56296.212 3.704±0.004 346.48±0.06 Ks 3.760±0.014 754.4+54.4
−47.5 2.8±0.1 6.35× 10
−2 B
34758 1 – 53413.189 13.72±0.02 348.03±0.09 Ks 5.62±0.15 1965.8+113.2
−101.5 8.77
+0.02
−0.02 2.52±0.05 3.19× 10
0 nB
54425.348 13.65±0.02 347.55±0.08 Ks 5.699±0.084 1956.3+112.7
−101.0 2.52±0.05 3.36× 10
0 nB
36345 1 * 54839.338 8.919±0.009 53.1±0.5 Ks 0.8353±0.0088 2036.3+329.5
−248.9 6.7
+0.2
−0.6 6.7±0.3 2.0±0.6 0.30±0.09 9.54× 10
−2 C
36363 1 – 53384.187 5.49±0.01 299.6±0.2 Ks 5.85±0.23 906.3+34.2
−31.8 7.2
+0.2
−0.6 5.5±0.2 0.36±0.09 0.07±0.02 4.22× 10
−1 nU
54427.198 5.46±0.01 298.96±0.08 Ks 6.20±0.14 901.1+34.0
−31.6 5.5±0.2 0.31±0.05 0.06±0.01 5.37× 10
−1 nU
37322 1 * 53384.200 1.281±0.002 149.81±0.08 Ks 2.1630±0.0029 224.8+11.2
−10.2 7.5
+0.2
−0.3 4.4±0.2 1.7±0.1 0.38±0.03 2.19× 10
−3 C
54412.365 1.282±0.002 149.29±0.06 Ks 2.1677±0.0019 224.9+11.2
−10.2 4.4±0.2 1.7±0.1 0.38±0.03 2.19× 10
−3 C
37915 1 – 53384.257 0.1821±0.0006 15.3±0.3 Ks 2.129±0.013 33.0+1.5
−1.4 7.5
+0.1
−0.2 3.99±0.05 1.59±0.07 0.40±0.02 5.62× 10
−5 nC
54427.184 0.184±0.004 4.9±0.5 Ks 1.929±0.041 33.3+1.7
−1.6 3.99±0.05 1.9±0.1 0.47±0.02 5.07× 10
−5 nC
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40817 1 – 53415.171 1.417±0.001 9.33±0.06 Ks 2.7743±0.0095 188.9+9.3
−8.4 8.43
+0.03
−0.03 3.06±0.05 1.30±0.04 0.42±0.01 1.03× 10
−3 nC
54451.318 1.401±0.003 8.6±0.1 Ks 2.6843±0.0099 186.8+9.2
−8.3 3.06±0.05 1.33±0.04 0.44±0.02 9.16× 10
−4 nC
54467.291 1.403±0.002 8.52±0.05 Ks 2.7328±0.0053 187.0+9.2
−8.3 3.06±0.05 1.31±0.04 0.43±0.01 9.54× 10
−4 nC
41049 1 * 53099.999 10.30±0.01 54.7±0.5 Ks 1.173±0.022 6867.9+7641.7
−2369.3 8.2
+0.1
−0.2 2.7±0.1 2.4±1.0 0.9±0.4 9.62× 10
−1 C
41817 1 – 53413.218 0.322±0.001 302.8±0.2 Ks 0.5936±0.0018 34.0+2.3
−2.0 8.36
+0.06
−0.06 2.61±0.09 2.1±0.1 0.79±0.05 1.82× 10
−5 C
54425.296 0.3379±0.0008 297.8±0.1 Ks 0.5980±0.0027 35.8+2.4
−2.1 2.61±0.09 2.1±0.1 0.79±0.05 2.01× 10
−5 C
41843 1 – 53404.245 0.676±0.003 332.1±0.3 Ks 7.026±0.018 150.6+14.7
−12.3 8.76
+0.02
−0.02 2.51±0.02 0.27±0.02 0.109±0.009 8.73× 10
−3 C
56326.142 0.665±0.005 332.4±0.5 Ks 7.133±0.044 148.2+14.5
−12.2 2.51±0.02 0.26±0.02 0.103±0.009 9.16× 10
−3 C
42129 1 * 53738.190 0.6587±0.0009 301.2±0.1 Ks 2.7735±0.0036 181.0+15.7
−13.4 7.61
+0.09
−0.12 6.6±0.3 2.7±0.2 0.40±0.03 6.03× 10
−4 U
54451.330 0.664±0.002 301.6±0.1 Ks 2.833±0.012 182.3+15.8
−13.5 6.6±0.3 2.6±0.2 0.39±0.03 6.36× 10
−4 U
42177 1 * 53404.271 0.5679±0.0005 219.79±0.05 Ks 2.4106±0.0022 77.7+2.8
−2.6 8.20
+0.04
−0.04 3.09±0.09 1.21±0.02 0.39±0.01 6.78× 10
−4 C
42334 1 AD 53434.185 3.210±0.006 10.9±0.1 Ks 7.8±0.2 228.1+3.5
−3.4 9.07
+0.02
−0.02 1.9943±0.0001 0.124±0.009 0.062±0.004 3.94× 10
−1 C
54508.151 3.205±0.007 10.8±0.1 Ks 7.31±0.37 227.8+3.5
−3.4 1.9943±0.0001 0.15±0.02 0.08±0.01 2.71× 10
−1 C
42540 1 * 53375.255 4.564±0.007 67.43±0.09 Ks 2.263±0.045 390.8+17.5
−16.1 8.3
+0.1
−0.2 2.5113±0.0008 1.17±0.03 0.46±0.01 2.32× 10
−2 C
54451.341 4.580±0.007 67.08±0.09 Ks 2.250±0.049 392.1+17.5
−16.1 2.5113±0.0008 1.17±0.03 0.47±0.01 2.33× 10
−2 C
42715 1 BC 53742.219 0.587±0.001 162.28±0.08 Ks 1.632±0.004 89.9+3.7
−3.4 8.42
+0.02
−0.03 3.05±0.04 1.85±0.05 0.61±0.02 3.30× 10
−4 C
54509.215 0.590±0.001 162.93±0.09 Ks 1.6177±0.0034 90.4+3.8
−3.5 3.05±0.04 1.86±0.05 0.61±0.02 3.31× 10
−4 C
43305 1 * 53379.290 1.315±0.001 167.48±0.06 Ks 3.94±0.01 181.6+6.2
−5.8 8.21
+0.04
−0.04 3.3±0.1 0.97±0.02 0.29±0.01 1.37× 10
−3 C
54509.232 1.309±0.002 168.11±0.09 Ks 3.7493±0.0082 180.8+6.2
−5.8 3.3±0.1 1.02±0.02 0.31±0.01 1.12× 10
−3 C
43792 1 * 52659.321 2.2523±0.0004 303.61±0.02 Ks 1.212±0.028 2208.2+110409.2
−1093.2 7.19
+0.05
−0.05 8.2±0.2 2.39× 10
−2 B
44299 1 – 53750.090 10.47±0.01 222.84±0.07 Ks 7.54±0.16 1377.6+86.7
−77.0 7.4
+0.1
−0.2 3.9808±0.0002 1.04× 10
1 nB
54451.354 10.51±0.01 222.24±0.09 Ks 6.69±0.31 1382.8+87.1
−77.3 3.9808±0.0002 5.66× 10
0 nB
44798 1 * 53380.279 0.2684±0.0004 109.47±0.08 Ks 2.6738±0.0095 43.7+1.9
−1.8 8.14
+0.03
−0.03 3.91±0.08 1.58±0.06 0.40±0.02 1.70× 10
−5 C
44883 1 * 53382.271 1.293±0.002 299.34±0.09 Ks 2.9970±0.0049 243.5+31.6
−25.1 8.16
+0.06
−0.07 3.9±0.1 1.5±0.1 0.37±0.03 7.09× 10
−4 C
54468.304 1.301±0.002 299.5±0.1 Ks 3.0014±0.0058 245.1+31.8
−25.3 3.9±0.1 1.5±0.1 0.37±0.03 7.18× 10
−4 C
45189 1 AB 53382.319 2.842±0.004 281.24±0.08 Ks 0.634±0.029 603.4+65.3
−53.7 8.20
+0.03
−0.03 3.9±0.1 3.2±0.2 0.83±0.05 4.65× 10
−3 C
54467.304 2.860±0.004 280.57±0.08 Ks 0.619±0.012 607.3+65.7
−54.0 3.9±0.1 3.3±0.2 0.84±0.05 4.71× 10
−3 C
45314 1 – 53355.364 2.726±0.004 337.00±0.07 Ks 6.37±0.17 439.7+20.0
−18.4 7.65
+0.06
−0.07 3.39±0.09 0.29±0.04 0.08±0.01 3.87× 10
−1 nC
54511.144 2.736±0.006 336.3±0.1 Ks 6.36±0.13 441.3+20.1
−18.4 3.39±0.09 0.29±0.03 0.09±0.01 3.84× 10
−1 nC
56265.357 2.737±0.004 336.21±0.06 Ks 6.232±0.055 441.4+20.1
−18.4 3.39±0.09 0.31±0.03 0.092±0.008 3.51× 10
−1 nC
45344 1 – 53349.377 5.907±0.009 13.65±0.07 Ks 3.317±0.039 1108.2+56.9
−51.6 7.84
+0.02
−0.02 4.9±0.1 1.33±0.05 0.27±0.01 1.05× 10
−1 C
54511.158 5.900±0.007 13.16±0.07 Ks 3.355±0.047 1107.0+56.8
−51.5 4.9±0.1 1.31±0.05 0.27±0.01 1.09× 10
−1 C
46283 1 – 53750.263 0.341±0.002 159.2±0.3 Ks 4.625±0.033 44.8+1.1
−1.1 7.5
+0.1
−0.2 3.98±0.02 0.72±0.03 0.182±0.008 7.12× 10
−4 nU
54475.312 0.348±0.005 155.4±0.2 Ks 4.783±0.053 45.8+1.3
−1.2 3.98±0.02 0.69±0.04 0.17±0.01 8.32× 10
−4 nU
46329 1 * 53454.111 0.548±0.003 280.8±0.3 Ks 1.0107±0.0016 344.4+250.8
−102.1 7.79
+0.03
−0.03 5.5±0.1 4.7±1.0 0.8±0.2 1.07× 10
−4 U
46594 1 – 53753.228 12.61±0.02 167.68±0.06 Ks 4.594±0.055 1672.7+45.6
−43.3 7.87
+0.04
−0.04 3.20±0.09 1.25× 10
0 nB
54535.097 12.65±0.02 166.99±0.07 Ks 4.463±0.056 1678.0+45.8
−43.4 3.20±0.09 1.12× 10
0 nB
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46594 2 – 53753.228 17.48±0.02 130.90±0.06 Ks 5.040±0.072 2318.2+63.2
−60.0 7.87
+0.04
−0.04 3.20±0.09 3.38× 10
0 nB
54535.097 17.43±0.02 130.40±0.06 Ks 4.944±0.071 2312.2+63.1
−59.8 3.20±0.09 3.15× 10
0 nB
46914 1 * 53442.136 2.018±0.003 219.76±0.08 Ks 0.775±0.016 513.4+73.1
−56.9 7.95
+0.02
−0.02 4.99±0.06 4.4±0.2 0.88±0.04 1.68× 10
−3 C
54535.108 2.022±0.002 219.64±0.05 Ks 0.709±0.023 514.5+73.3
−57.0 4.99±0.06 4.4±0.2 0.89±0.04 1.64× 10
−3 C
46928 1 – 53778.238 0.594±0.001 189.6±0.1 Ks 4.373±0.017 104.2+2.8
−2.7 7.742
+0.002
−0.002 4.99±0.02 1.00±0.02 0.199±0.003 6.65× 10
−4 nC
54475.332 0.606±0.004 188.2±0.3 Ks 4.37±0.02 106.2+2.9
−2.8 4.99±0.02 1.00±0.02 0.200±0.003 6.92× 10
−4 nC
48943 1 * 53493.025 0.507±0.004 351.8±0.4 Ks 3.1781±0.0021 124.0+19.3
−14.7 7.65
+0.04
−0.05 4.73±0.05 1.4±0.1 0.29±0.03 2.17× 10
−4 C
50847 1 – 53779.196 2.222±0.002 350.18±0.06 Ks 5.513±0.042 273.6+6.2
−5.9 8.21
+0.04
−0.04 3.3±0.1 0.57±0.01 0.174±0.008 6.31× 10
−2 C
55673.115 2.221±0.002 350.22±0.06 Ks 5.553±0.035 273.5+6.2
−5.9 3.3±0.1 0.56±0.01 0.171±0.008 6.46× 10
−2 C
51362 1 – 53185.016 5.155±0.009 70.4±0.1 Ks 8.11±0.28 508.9+11.9
−11.3 8.75
+0.02
−0.02 2.49±0.02 0.15±0.02 0.060±0.007 2.15× 10
−1 nC
53846.122 5.17±0.01 70.4±0.1 Ks 8.08±0.22 509.9+11.9
−11.4 2.49±0.02 0.15±0.01 0.061±0.006 2.11× 10
−1 nC
51376 1 * 53405.279 11.09±0.02 225.54±0.09 Ks 3.219±0.073 1476.6+100.9
−88.7 8.76
+0.02
−0.02 2.53±0.05 1.07±0.04 0.42±0.02 7.45× 10
−2 C
53415.316 11.09±0.02 225.5±0.1 Ks 3.493±0.041 1476.5+100.9
−88.7 2.53±0.05 1.00±0.04 0.40±0.02 8.71× 10
−2 C
54521.197 11.09±0.02 224.98±0.08 Ks 3.335±0.045 1477.0+100.9
−88.8 2.53±0.05 1.04±0.04 0.41±0.02 7.97× 10
−2 C
51376 2 * 53405.279 10.93±0.02 225.92±0.09 Ks 3.310±0.076 1454.8+99.4
−87.4 8.76
+0.02
−0.02 2.53±0.05 1.04±0.04 0.41±0.02 7.52× 10
−2 C
53415.316 10.92±0.02 225.9±0.1 Ks 3.614±0.043 1454.7+99.4
−87.4 2.53±0.05 0.97±0.04 0.38±0.02 9.11× 10
−2 C
54521.197 10.94±0.02 225.47±0.08 Ks 3.452±0.048 1456.6+99.5
−87.5 2.53±0.05 1.01±0.04 0.40±0.02 8.26× 10
−2 C
52742 1 – 53794.080 1.056±0.005 8.49±0.07 Ks 6.737±0.033 170.4+5.4
−5.1 8.17
+0.04
−0.05 3.96±0.02 0.47±0.01 0.118±0.003 3.88× 10
−2 nC
54483.355 1.059±0.004 8.19±0.06 Ks 6.92±0.06 170.8+5.4
−5.1 3.96±0.02 0.43±0.02 0.110±0.004 4.48× 10
−2 nC
53272 1 * 53779.256 1.521±0.001 288.27±0.06 Ks 0.6051±0.0015 354.5+38.5
−31.6 7.97
+0.06
−0.07 4.1±0.1 3.7±0.2 0.89±0.06 1.26× 10
−3 C
54511.296 1.525±0.001 287.78±0.05 Ks 0.594±0.001 355.5+38.6
−31.7 4.1±0.1 3.7±0.2 0.89±0.06 1.24× 10
−3 C
54413 1 – 54158.304 6.823±0.007 13.62±0.06 Ks 10.0±0.2 1081.3+117.8
−96.7 8.2
+0.1
−0.1 2.71±0.05 1.05× 10
1 B
54516.365 6.83±0.02 13.7±0.1 Ks 10.21±0.21 1082.7+118.0
−96.9 2.71±0.05 1.07× 10
1 B
54882.153 6.82±0.02 13.9±0.1 Ks 9.76±0.11 1081.6+117.9
−96.8 2.71±0.05 1.02× 10
1 B
55555.332 6.820±0.009 14.07±0.08 Ks 9.86±0.13 1080.8+117.8
−96.7 2.71±0.05 1.04× 10
1 B
55645.122 6.83±0.02 14.2±0.1 Ks 9.44±0.13 1082.6+118.0
−96.9 2.71±0.05 8.65× 10
0 B
54413 2 – 54158.304 4.395±0.006 302.2±0.1 Ks 9.9±0.2 696.4+75.9
−62.3 8.2
+0.1
−0.1 2.71±0.05 4.50× 10
0 B
54516.365 4.37±0.02 302.3±0.1 Ks 10.07±0.19 693.3+75.6
−62.1 2.71±0.05 4.50× 10
0 B
54882.153 4.38±0.02 302.5±0.1 Ks 9.96±0.12 693.9+75.6
−62.1 2.71±0.05 4.47× 10
0 B
55555.332 4.366±0.006 302.7±0.1 Ks 9.87±0.13 691.9+75.4
−61.9 2.71±0.05 4.40× 10
0 B
55645.122 4.36±0.02 302.7±0.1 Ks 9.55±0.13 691.3+75.4
−61.9 2.71±0.05 3.91× 10
0 B
54557 1 * 53794.134 0.786±0.002 327.08±0.09 Ks 3.0676±0.0019 140.3+26.2
−19.1 8.0
+0.1
−0.2 2.512±0.001 0.93±0.08 0.37±0.03 2.81× 10
−3 C
53820.400 0.787±0.002 326.8±0.2 Ks 3.1159±0.0026 140.5+26.2
−19.1 2.512±0.001 0.92±0.08 0.37±0.03 2.89× 10
−3 C
54160.099 0.784±0.003 326.6±0.1 Ks 2.9545±0.0012 140.1+26.1
−19.0 2.512±0.001 0.96±0.08 0.38±0.03 2.63× 10
−3 C
54516.213 0.783±0.003 326.1±0.1 Ks 2.9758±0.0015 139.8+26.1
−19.0 2.512±0.001 0.96±0.08 0.38±0.03 2.65× 10
−3 C
55605.340 0.783±0.002 324.3±0.1 J 3.890±0.014 139.8+26.1
−19.0 2.512±0.001 0.88±0.08 0.35±0.03 3.76× 10
−3 C
55605.340 324.3±0.1 Ks 3.0289±0.0021 139.8+26.1
−19.0 2.512±0.001 0.88±0.08 0.35±0.03 2.71× 10
−3 C
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55597 1 * 53752.367 2.488±0.002 309.33±0.05 Ks 0.8758±0.0083 308.0+15.2
−13.8 7.4
+0.2
−0.3 3.99±0.04 3.0±0.1 0.74±0.03 2.14× 10
−3 C
54520.280 2.488±0.002 308.98±0.02 Ks 0.952±0.044 307.9+15.2
−13.8 3.99±0.04 2.9±0.1 0.73±0.04 2.33× 10
−3 C
55657 1 – 53741.381 6.168±0.004 115.52±0.06 Ks 8.16±0.24 1880.4+128.6
−113.2 7.49
+0.05
−0.05 7.5±0.1 0.33±0.05 0.045±0.007 3.00× 10
0 nU
54520.291 6.183±0.008 115.2±0.1 Ks 8.2±0.4 1885.1+129.0
−113.5 7.5±0.1 0.33±0.07 0.04±0.01 3.03× 10
0 nU
56000 1 * 53408.250 13.06±0.02 168.56±0.08 Ks 2.648±0.037 2803.3+495.5
−366.1 8.30
+0.03
−0.03 3.6±0.1 2.3±0.2 0.65±0.07 7.75× 10
−2 U
54520.301 13.06±0.02 167.90±0.07 Ks 2.987±0.055 2802.7+495.5
−366.1 3.6±0.1 2.1±0.2 0.58±0.07 9.71× 10
−2 U
56000 2 * 53408.250 13.06±0.02 168.02±0.08 Ks 3.325±0.051 2801.8+495.3
−365.9 8.30
+0.03
−0.03 3.6±0.1 1.7±0.2 0.49±0.07 1.35× 10
−1 U
54520.301 13.02±0.02 167.44±0.07 Ks 3.421±0.068 2794.5+494.0
−365.0 3.6±0.1 1.7±0.2 0.47±0.06 1.40× 10
−1 U
56754 1 – 53403.363 0.3364±0.0003 104.06±0.05 Ks 1.82548±0.00097 29.4+1.1
−1.0 8.23
+0.04
−0.04 2.75±0.05 1.40±0.03 0.51±0.02 8.96× 10
−5 C
54475.353 0.3698±0.0005 107.54±0.09 Ks 1.813±0.011 32.3+1.2
−1.1 2.75±0.05 1.40±0.03 0.51±0.02 1.07× 10
−4 C
55673.077 0.392±0.001 111.3±0.2 Ks 1.8215±0.0034 34.2+1.3
−1.2 2.75±0.05 1.40±0.03 0.51±0.02 1.22× 10
−4 C
56754 2 – 53403.363 8.432±0.005 184.97±0.04 Ks 6.10±0.05 737.0+28.1
−26.1 8.23
+0.04
−0.04 2.75±0.05 0.33±0.01 0.121±0.006 2.25× 10
0 nU
54475.353 8.46±0.01 184.61±0.07 Ks 6.19±0.11 739.8+28.2
−26.2 2.75±0.05 0.32±0.02 0.115±0.008 2.45× 10
0 nU
55673.077 8.428±0.008 184.17±0.05 Ks 6.269±0.066 736.7+28.1
−26.1 2.75±0.05 0.30±0.02 0.111±0.006 2.60× 10
0 nU
58326 1 AE 53779.305 4.950±0.005 137.71±0.05 Ks 7.24±0.14 927.0+45.5
−41.5 7.1
+0.3
−0.7 5.7±0.3 4.25× 10
0 B
54475.341 4.950±0.005 136.95±0.05 Ks 7.24±0.32 926.9+45.5
−41.5 5.7±0.3 4.25× 10
0 B
60189 1 – 53407.377 16.73±0.02 73.21±0.09 Ks 6.40±0.26 2131.0+61.5
−58.2 8.21
+0.04
−0.05 3.3±0.1 8.09× 10
−1 B
60449 1 – 53413.287 0.684±0.006 320.4±0.7 Ks 5.973±0.097 93.1+3.5
−3.3 8.47
+0.04
−0.05 3.1±0.1 0.51±0.02 0.164±0.009 1.84× 10
−3 nC
54510.354 0.716±0.002 318.9±0.1 Ks 5.987±0.025 97.6+3.6
−3.4 3.1±0.1 0.50±0.01 0.163±0.007 2.03× 10
−3 nC
60851 1 AB 53102.079 2.09±0.02 44.8±0.6 Ks 5.294±0.077 205.0+7.1
−6.7 9.07
+0.02
−0.02 1.994±0.003 0.40±0.02 0.200±0.009 1.50× 10
−1 U
60851 2 AC 53102.079 6.90±0.06 180.2±0.6 Ks 5.37±0.21 675.9+23.4
−22.0 9.07
+0.02
−0.02 1.994±0.003 0.39±0.03 0.19±0.02 1.72× 10
0 U
61789 1 * 53404.299 1.202±0.001 73.90±0.06 Ks 3.096±0.001 134.5+3.7
−3.5 8.06
+0.02
−0.02 3.68±0.08 1.28±0.02 0.347±0.009 5.95× 10
−4 C
62026 1 * 53102.133 0.232±0.002 6.3±0.8 Ks 1.5421±0.0047 25.2+1.2
−1.1 8.3
+0.2
−0.2 2.5114±0.0002 1.31±0.04 0.52±0.01 5.55× 10
−5 C
63005 1 – 55690.051 0.204±0.006 134.3±0.4 Ks 4.128±0.053 25.5+1.2
−1.2 7.5
+0.1
−0.2 3.98±0.02 0.84±0.03 0.211±0.008 1.84× 10
−4 nC
63945 1 AC 53454.210 1.550±0.007 266.7±0.3 Ks 3.2052±0.0015 185.4+5.8
−5.4 6.8
+0.3
−0.8 6.8±0.3 1.1±0.2 0.17±0.03 2.53× 10
−3 C
64515 1 * 53436.294 0.323±0.002 159.7±0.3 Ks 0.2271±0.0031 36.3+3.1
−2.7 8.81
+0.04
−0.04 2.31±0.04 1.80±0.08 0.78±0.04 2.91× 10
−5 C
53778.374 0.3265±0.0006 157.5±0.1 Ks 0.2340±0.0021 36.6+3.2
−2.7 2.31±0.04 1.80±0.08 0.78±0.04 2.96× 10
−5 C
67472 1 AC 53454.224 4.62±0.03 304.3±0.3 Ks 5.827±0.047 716.3+18.6
−17.8 7.28
+0.08
−0.09 8.7±0.2 0.87±0.04 0.100±0.005 4.97× 10
−2 C
55690.020 4.64±0.02 304.0±0.1 Ks 6.039±0.038 719.2+18.5
−17.6 8.7±0.2 0.79±0.04 0.091±0.005 5.87× 10
−2 C
67669 1 * 53404.327 7.84±0.01 105.53±0.09 Ks 1.5305±0.0075 825.6+85.5
−70.8 7.4
+0.2
−0.3 3.9808±0.0005 2.2±0.3 0.55±0.07 1.12× 10
−2 C
67703 1 * 53185.155 18.08±0.05 288.8±0.1 Ks 2.059±0.015 1440.7+96.9
−85.4 7.6
+0.1
−0.2 3.1621±0.0007 1.09±0.05 0.34±0.02 3.62× 10
−1 U
69113 1 AD 53126.078 5.332±0.008 65.2±0.5 Ks 3.997±0.047 858.7+60.7
−53.2 8.36
+0.03
−0.03 2.80±0.09 0.79±0.03 0.28±0.02 1.13× 10
−1 C
69113 2 AE 53126.078 5.502±0.008 67.1±0.5 Ks 4.063±0.049 886.0+62.6
−54.9 8.36
+0.03
−0.03 2.80±0.09 0.77±0.03 0.28±0.02 1.27× 10
−1 C
70915 1 * 53791.380 10.74±0.01 309.82±0.08 Ks 4.40±0.05 1570.6+100.2
−88.8 8.20
+0.05
−0.06 3.24±0.08 0.81±0.03 0.25±0.01 5.52× 10
−1 nU
54518.402 10.75±0.01 309.30±0.07 Ks 4.049±0.053 1572.0+100.3
−88.9 3.24±0.08 0.91±0.04 0.28±0.01 4.13× 10
−1 nU
71762 1 AB 53404.392 5.542±0.008 110.47±0.07 Ks 0.2723±0.0047 519.4+75.2
−58.3 8.33
+0.06
−0.08 2.97±0.07 2.5±0.2 0.83±0.07 5.58× 10
−4 C
73111 1 * 53454.267 2.13±0.01 277.6±0.3 Ks 0.8017±0.0056 359.6+44.5
−35.7 8.18
+0.07
−0.09 3.20±0.08 2.9±0.2 0.91±0.06 2.33× 10
−3 C
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74750 1 AB 53454.289 1.218±0.006 163.7±0.3 Ks 2.6362±0.0011 627.9+153.0
−102.9 6.92
+0.04
−0.04 12.9±0.3 5.1±0.9 0.39±0.07 5.43× 10
−3 U
74911 1 – 53454.299 0.948±0.004 304.8±0.2 Ks 0.30719±0.00013 97.6+7.7
−6.7 8.19
+0.03
−0.03 3.7±0.2 3.3±0.1 0.88±0.06 1.14× 10
−4 U
74911 2 AD 53454.299 6.05±0.02 156.1±0.2 Ks 7.82±0.13 622.2+49.1
−42.4 8.19
+0.03
−0.03 3.7±0.2 0.18±0.02 0.049±0.005 1.81× 10
0 U
75264 1 – 53454.311 0.279±0.003 131.6±0.6 Ks 1.2803±0.0015 43.9+5.4
−4.4 7.27
+0.06
−0.07 8.6±0.2 5.5±0.7 0.63±0.08 1.18× 10
−5 C
55690.093 0.2454±0.0009 109.4±0.1 Ks 1.2497±0.0015 38.5+4.8
−3.8 8.6±0.2 5.5±0.7 0.64±0.08 9.09× 10
−6 C
77562 1 – 53186.143 9.97±0.01 38.36±0.07 Ks 7.380±0.092 942.8+31.3
−29.4 8.0
+0.1
−0.2 2.5±0.6 2.06× 10
1 nB
53853.258 10.06±0.02 38.16±0.09 Ks 7.31±0.23 951.2+31.6
−29.7 2.5±0.6 1.99× 10
1 nB
77562 2 – 53186.143 6.11±0.01 43.6±0.1 Ks 7.93±0.12 577.9+19.2
−18.0 8.0
+0.1
−0.2 2.5±0.6 1.19× 10
1 nB
53853.258 6.19±0.01 43.3±0.1 Ks 7.74±0.28 585.4+19.5
−18.3 2.5±0.6 1.08× 10
1 nB
77562 3 – 53186.143 9.25±0.01 41.52±0.08 Ks 8.11±0.13 874.3+29.1
−27.2 8.0
+0.1
−0.2 2.5±0.6 2.81× 10
1 nB
53853.258 9.35±0.02 41.3±0.1 Ks 8.04±0.33 883.9+29.4
−27.6 2.5±0.6 2.74× 10
1 nB
77562 4 – 53186.143 11.38±0.01 76.77±0.08 Ks 8.00±0.13 1075.8+35.7
−33.5 8.0
+0.1
−0.2 2.5±0.6 3.70× 10
1 nB
53853.258 11.43±0.02 76.2±0.1 Ks 8.65±0.47 1080.5+35.9
−33.7 2.5±0.6 4.99× 10
1 nB
77840 1 * 56121.124 2.04±0.02 266.9±0.4 Ks 1.9672±0.0087 313.6+26.8
−23.0 7.1
+0.2
−0.3 6.9999±0.0003 3.0±0.4 0.43±0.06 1.00× 10
−3 C
78968 1 * 53130.200 2.77±0.03 322.3±0.7 Ks 6.843±0.069 339.6+55.9
−42.2 7.9
+0.1
−0.1 2.5117±0.0003 0.10±0.01 0.040±0.005 3.78× 10
−1 U
79005 1 AB 53190.133 3.333±0.005 258.90±0.09 Ks 2.733±0.021 374.5+27.1
−23.7 8.35
+0.04
−0.05 2.7±0.1 1.15±0.04 0.43±0.02 5.72× 10
−3 C
53852.267 3.336±0.006 258.8±0.1 Ks 2.585±0.034 374.9+27.1
−23.7 2.7±0.1 1.20±0.04 0.45±0.02 5.73× 10
−3 C
53887.160 3.332±0.008 258.9±0.1 Ks 2.634±0.013 374.4+27.1
−23.7 2.7±0.1 1.18±0.04 0.45±0.02 5.72× 10
−3 C
79098 1 * 53442.268 2.350±0.005 116.7±0.2 Ks 8.16±0.19 319.7+14.1
−13.0 8.36
+0.02
−0.02 2.96±0.05 0.16±0.01 0.054±0.005 2.88× 10
−1 C
79153 1 – 53186.190 11.71±0.02 230.00±0.09 Ks 8.4±0.2 1005.4+51.7
−46.9 8.7
+0.1
−0.2 1.99±0.04 0.103±0.008 0.052±0.004 2.23× 10
1 C
53853.271 11.70±0.02 230.1±0.1 Ks 8.29±0.29 1004.3+51.7
−46.9 1.99±0.04 0.11±0.01 0.055±0.005 2.01× 10
1 C
79153 2 – 53186.190 6.66±0.01 324.5±0.1 Ks 8.79±0.24 571.6+29.4
−26.7 8.7
+0.1
−0.2 1.99±0.04 1.02× 10
1 nB
53853.271 6.75±0.01 325.0±0.1 Ks 8.75±0.36 579.7+29.8
−27.1 1.99±0.04 1.02× 10
1 nB
79199 1 AB 53191.122 1.093±0.002 117.20±0.09 Ks 3.9243±0.0053 136.6+5.7
−5.3 8.1
+0.1
−0.1 3.161±0.002 0.85±0.02 0.268±0.007 4.76× 10
−3 C
55690.119 1.055±0.004 117.4±0.1 Ks 3.9053±0.0016 131.9+5.5
−5.1 3.161±0.002 0.85±0.02 0.269±0.007 4.42× 10
−3 C
79199 2 AC 53191.122 3.069±0.005 228.16±0.09 Ks 6.74±0.18 383.6+16.0
−14.8 8.1
+0.1
−0.1 3.161±0.002 0.28±0.03 0.09±0.01 3.27× 10
−1 C
55690.119 3.09±0.01 228.4±0.1 Ks 6.881±0.055 386.0+16.1
−14.9 3.161±0.002 0.26±0.02 0.081±0.007 3.67× 10
−1 C
79230 1 AB,C 53105.328 2.601±0.005 140.8±0.1 H 2.651±0.015 720.6+299.5
−163.6 6.9
+0.1
−0.2 7.4±0.1 2.1±0.7 0.3±0.1 1.86× 10
−2 U
79399 1 AB 53185.247 3.698±0.006 69.98±0.08 Ks 0.927±0.013 344.0+27.7
−23.8 8.1
+0.1
−0.2 2.60±0.05 1.50±0.08 0.58±0.03 5.22× 10
−3 C
53852.251 3.696±0.007 69.6±0.1 Ks 1.058±0.021 343.8+27.7
−23.8 2.60±0.05 1.48±0.08 0.57±0.03 5.30× 10
−3 C
79399 2 AB 53185.247 3.896±0.006 69.32±0.09 Ks 1.336±0.027 362.4+29.1
−25.1 8.1
+0.1
−0.2 2.60±0.05 1.30±0.06 0.50±0.03 8.09× 10
−3 C
53852.251 3.883±0.007 69.4±0.1 Ks 1.825±0.028 361.2+29.0
−25.0 2.60±0.05 1.16±0.05 0.45±0.02 1.06× 10
−2 C
79399 3 – 53185.247 11.80±0.02 250.23±0.08 Ks 6.393±0.073 1097.9+88.3
−76.1 8.1
+0.1
−0.2 2.60±0.05 0.18±0.02 0.068±0.008 3.70× 10
0 nU
53852.251 11.79±0.02 250.4±0.1 Ks 6.3±0.2 1096.9+88.2
−76.0 2.60±0.05 0.20±0.03 0.08±0.01 3.13× 10
0 nU
79739 1 * 53176.174 0.96±0.01 118.3±0.9 Ks 4.30±0.02 143.9+22.6
−17.3 8.1
+0.1
−0.2 3.1611±0.0008 0.57±0.05 0.18±0.02 8.73× 10
−3 C
79771 1 * 53176.206 3.68±0.06 313.2±0.9 Ks 3.781±0.038 598.0+84.7
−66.4 8.0
+0.1
−0.2 2.5117±0.0002 0.69±0.05 0.27±0.02 1.04× 10
−1 C
56121.247 3.65±0.01 312.7±0.2 Ks 4.080±0.013 592.9+83.5
−65.1 2.5117±0.0002 0.63±0.05 0.25±0.02 1.24× 10
−1 C
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79771 2 – 53176.206 0.435±0.007 128.4±0.9 Ks 4.375±0.013 70.6+10.0
−7.8 8.0
+0.1
−0.2 2.5117±0.0002 0.57±0.05 0.23±0.02 2.17× 10
−3 C
56121.247 0.438±0.001 128.3±0.2 Ks 4.274±0.004 71.2+10.0
−7.8 2.5117±0.0002 0.59±0.05 0.24±0.02 2.04× 10
−3 C
80142 1 AH 53130.250 9.257±0.006 216.04±0.06 Ks 2.899±0.023 1269.8+91.5
−80.0 7.2
+0.2
−0.6 3.15±0.07 1.20× 10
0 B
80461 1 – 56179.046 0.239±0.005 223.8±0.5 Ks 1.181±0.013 29.8+3.4
−2.8 7.51
+0.09
−0.11 4.84±0.02 2.7±0.2 0.55±0.05 1.97× 10
−5 C
80473 1 AB 56089.350 3.02±0.01 335.1±0.2 Ks 0.2642±0.0011 334.3+37.0
−30.3 7.47
+0.05
−0.05 7.4±0.1 7.1±0.7 0.97±0.09 1.66× 10
−4 C
80474 1 CF 53184.170 4.8±0.1 206.0±1.0 Ks 5.563±0.013 651.8+58.1
−50.0 7.3
+0.3
−0.7 3.2±0.1 0.4±0.1 0.12±0.03 2.29× 10
−1 C
55690.150 4.82±0.02 206.6±0.1 Ks 5.838±0.032 651.4+56.5
−48.1 3.2±0.1 0.34±0.09 0.11±0.03 2.71× 10
−1 C
81472 1 AC 53454.368 4.49±0.03 275.2±0.3 Ks 7.408±0.083 864.3+150.3
−111.6 6.7
+0.2
−0.3 7.000±0.003 3.86× 10
0 B
55690.189 4.42±0.02 277.0±0.1 Ks 7.336±0.072 849.4+147.7
−109.6 7.000±0.003 3.54× 10
0 B
81472 2 AD 53454.368 5.27±0.03 357.6±0.3 Ks 7.403±0.084 1014.1+176.4
−131.0 6.7
+0.2
−0.3 7.000±0.003 5.27× 10
0 B
55690.189 5.37±0.02 358.3±0.1 Ks 7.310±0.071 1032.7+179.5
−133.2 7.000±0.003 5.11× 10
0 B
81972 1 AC 53184.214 2.02±0.04 314.0±1.0 Ks 4.3885±0.0084 330.8+18.8
−17.2 7.2
+0.2
−0.5 5.5±0.2 0.7±0.1 0.12±0.03 6.30× 10
−2 U
81972 2 AB 53184.214 7.0±0.1 259.1±1.0 Ks 4.4177±0.0085 1147.2+65.1
−59.6 7.2
+0.2
−0.5 5.5±0.2 0.7±0.1 0.12±0.03 7.70× 10
−1 U
81972 3 AE 53184.214 5.0±0.1 213.7±1.0 Ks 5.376±0.013 823.0+46.7
−42.8 7.2
+0.2
−0.5 5.5±0.2 0.4±0.1 0.08±0.02 8.68× 10
−1 U
81972 4 AD 53184.214 2.78±0.05 106.9±1.0 Ks 7.816±0.041 455.8+25.9
−23.7 7.2
+0.2
−0.5 5.5±0.2 0.16±0.02 0.029±0.003 1.64× 10
0 U
82902 1 – 53177.300 4.04±0.01 151.4±0.2 Ks 8.13±0.23 469.5+22.9
−20.9 8.3
+0.1
−0.2 2.5114±0.0002 3.32× 10
0 nB
53895.286 4.008±0.007 150.1±0.1 Ks 8.0±0.2 465.5+22.7
−20.7 2.5114±0.0002 3.06× 10
0 nB
83336 1 – 53182.267 8.92±0.01 25.60±0.08 Ks 6.624±0.075 1222.9+80.5
−71.1 8.17
+0.03
−0.03 3.5±0.2 0.42±0.02 0.120±0.009 3.98× 10
0 C
53912.135 8.92±0.02 25.6±0.1 Ks 6.474±0.077 1224.2+80.6
−71.2 3.5±0.2 0.44±0.02 0.13±0.01 3.59× 10
0 C
83336 2 – 53182.267 8.89±0.01 302.27±0.09 Ks 6.603±0.075 1219.4+80.2
−70.9 8.17
+0.03
−0.03 3.5±0.2 3.89× 10
0 nB
53912.135 8.94±0.02 302.8±0.1 Ks 6.468±0.078 1226.6+80.7
−71.4 3.5±0.2 3.59× 10
0 nB
83336 3 – 53182.267 9.23±0.01 137.61±0.09 Ks 7.86±0.14 1266.2+83.3
−73.6 8.17
+0.03
−0.03 3.5±0.2 1.12× 10
1 nB
53912.135 9.19±0.02 137.1±0.1 Ks 8.22±0.18 1260.9+83.0
−73.4 3.5±0.2 1.51× 10
1 nB
85442 1 – 53454.417 3.00±0.01 329.42±0.06 Ks 6.916±0.062 677.7+73.1
−60.2 8.52
+0.02
−0.02 3.11±0.07 3.23× 10
0 nB
55690.216 3.12±0.01 331.1±0.1 Ks 7.040±0.059 705.1+76.0
−62.6 3.11±0.07 3.83× 10
0 nB
85442 2 – 53454.417 6.05±0.03 261.39±0.05 Ks 7.407±0.085 1368.8+147.6
−121.5 8.52
+0.02
−0.02 3.11±0.07 1.75× 10
1 nB
55690.216 6.01±0.02 262.9±0.1 Ks 7.604±0.078 1359.7+146.6
−120.6 3.11±0.07 1.87× 10
1 nB
85442 3 – 53454.417 5.78±0.03 33.79±0.06 Ks 7.788±0.097 1308.5+141.1
−116.2 8.52
+0.02
−0.02 3.11±0.07 1.80× 10
1 nB
55690.216 5.95±0.02 33.2±0.1 Ks 7.844±0.088 1346.1+145.1
−119.4 3.11±0.07 1.90× 10
1 nB
85442 4 – 53454.417 5.23±0.02 145.91±0.07 Ks 7.89±0.11 1183.4+127.7
−105.1 8.52
+0.02
−0.02 3.11±0.07 1.51× 10
1 nB
55690.216 5.13±0.02 144.9±0.1 Ks 7.917±0.092 1161.1+125.2
−103.0 3.11±0.07 1.46× 10
1 nB
85727 1 AB 54699.057 2.834±0.006 58.6±0.1 Ks 8.29±0.12 172.0+3.6
−3.5 7.96
+0.03
−0.03 3.95±0.05 1.83× 10
−1 B
85727 2 AD 54699.057 12.21±0.02 62.8±0.1 Ks 10.0±0.3 740.9+15.6
−15.0 7.96
+0.03
−0.03 3.95±0.05 1.15× 10
1 B
85783 1 * 53442.335 0.433±0.003 192.8±0.4 Ks 1.2545±0.0017 51.8+4.5
−3.9 8.1
+0.1
−0.1 2.52±0.03 1.45±0.08 0.58±0.03 2.98× 10
−4 C
55655.363 0.4719±0.0008 192.64±0.07 Ks 1.2575±0.0014 56.4+4.9
−4.2 2.52±0.03 1.45±0.08 0.58±0.03 3.55× 10
−4 C
55690.353 0.472±0.002 193.3±0.1 Ks 1.23246±0.00053 56.5+4.9
−4.2 2.52±0.03 1.46±0.08 0.58±0.03 3.39× 10
−4 C
85783 2 – 53442.335 1.624±0.005 123.5±0.2 Ks 6.630±0.033 194.2+16.9
−14.4 8.1
+0.1
−0.1 2.52±0.03 7.75× 10
−1 B
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HIP CC# WDS MJD Θ PAa Band ∆m aproj. log(Age[yr ]) M1 Mcomp q Chance proj. prob. Comp.
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55655.363 1.555±0.005 118.6±0.2 Ks 6.309±0.028 186.0+16.2
−13.8 2.52±0.03 5.32× 10
−1 B
55690.353 1.569±0.005 119.0±0.2 Ks 6.50±0.02 187.7+16.4
−13.9 2.52±0.03 6.44× 10
−1 B
87163 1 – 53457.375 7.35±0.01 107.67±0.06 Ks 1.6187±0.0064 2733.0+449.6
−338.3 7.72
+0.04
−0.05 6.27±0.09 4.7±0.4 0.75±0.06 1.52× 10
−1 nU
55690.267 7.35±0.02 107.9±0.1 Ks 1.900±0.007 2730.6+449.3
−338.1 6.27±0.09 4.4±0.4 0.70±0.06 2.24× 10
−1 nU
87163 2 – 53457.375 6.77±0.01 47.51±0.06 Ks 6.423±0.054 2517.8+414.2
−311.7 7.72
+0.04
−0.05 6.27±0.09 0.71±0.06 0.114±0.009 1.83× 10
1 nU
55690.267 6.77±0.02 47.4±0.1 Ks 6.487±0.054 2518.0+414.3
−311.8 6.27±0.09 0.71±0.06 0.113±0.009 1.84× 10
1 nU
87163 3 – 53457.375 2.103±0.005 37.7±0.1 Ks 7.6±0.1 781.9+128.6
−96.8 7.72
+0.04
−0.05 6.27±0.09 0.46±0.06 0.07±0.01 2.57× 10
0 nU
55690.267 2.081±0.007 37.9±0.1 Ks 7.581±0.094 773.7+127.3
−95.8 6.27±0.09 0.48±0.06 0.08±0.01 2.50× 10
0 nU
87163 4 – 53457.375 4.280±0.008 170.50±0.07 Ks 7.6±0.1 1591.0+261.7
−197.0 7.72
+0.04
−0.05 6.27±0.09 0.46±0.06 0.07±0.01 1.02× 10
1 nU
55690.267 4.29±0.01 170.5±0.1 Ks 7.577±0.095 1593.1+262.1
−197.3 6.27±0.09 0.48±0.06 0.08±0.01 1.02× 10
1 nU
87163 5 – 53457.375 6.78±0.01 123.50±0.08 Ks 7.93±0.12 2521.0+414.7
−312.1 7.72
+0.04
−0.05 6.27±0.09 0.39±0.06 0.06±0.01 2.39× 10
1 nU
55690.267 6.77±0.02 123.9±0.1 Ks 7.83±0.11 2516.8+414.1
−311.6 6.27±0.09 0.42±0.06 0.07±0.01 2.37× 10
1 nU
87163 6 – 53457.375 1.515±0.005 77.5±0.3 Ks 8.33±0.17 563.1+92.7
−69.7 7.72
+0.04
−0.05 6.27±0.09 0.30±0.06 0.048±0.009 1.38× 10
0 nU
55690.267 1.498±0.006 77.7±0.2 Ks 7.68±0.34 556.7+91.6
−69.0 6.27±0.09 0.46±0.09 0.07±0.01 1.31× 10
0 nU
87220 1 – 53454.427 7.78±0.05 327.2±0.4 Ks 8.20±0.13 1327.3+62.3
−57.1 8.23
+0.01
−0.01 3.98±0.02 0.32±0.02 0.081±0.006 2.56× 10
1 nU
55690.243 7.80±0.03 327.0±0.1 Ks 8.44±0.13 1331.8+62.0
−56.8 3.98±0.02 0.28±0.02 0.071±0.006 2.81× 10
1 nU
88149 1 * 53455.426 0.108±0.003 153.5±0.8 Ks 2.010±0.029 21.6+1.3
−1.2 7.10
+0.05
−0.06 8.1±0.1 3.6±0.2 0.45±0.02 5.87× 10
−6 C
55690.288 0.133±0.003 166.5±0.6 Ks 1.882±0.022 26.5+1.6
−1.4 8.1±0.1 3.8±0.2 0.47±0.02 8.15× 10
−6 C
88859 1 * 53442.364 4.046±0.004 257.35±0.05 Ks 2.954±0.022 1099.5+214.2
−154.1 8.17
+0.06
−0.07 3.90±0.09 1.5±0.2 0.40±0.05 5.86× 10
−2 C
89684 1 – 53570.203 6.47±0.01 90.8±0.5 Ks 5.212±0.037 1309.5+112.3
−95.9 8.47
+0.03
−0.03 3.13±0.04 0.69±0.03 0.22±0.01 4.06× 10
−1 nU
55690.313 6.50±0.02 90.8±0.1 Ks 5.327±0.027 1316.1+112.9
−96.4 3.13±0.04 0.66±0.03 0.21±0.01 4.51× 10
−1 nU
89963 1 * 55761.007 1.148±0.004 201.1±0.2 Ks 4.985±0.016 455.5+352.9
−138.4 8.05
+0.03
−0.03 4.5±0.1 1.51× 10
−2 B
90096 1 – 53458.392 4.10±0.02 20.8±0.3 Ks 4.081±0.016 773.3+58.2
−50.7 8.20
+0.02
−0.03 3.9±0.1 4.53× 10
−1 B
55690.366 4.20±0.01 20.9±0.1 Ks 4.048±0.016 792.7+59.6
−51.8 3.9±0.1 4.61× 10
−1 B
90766 1 AB 55372.167 6.46±0.03 332.6±0.3 Ks 1.182±0.018 1400.5+285.3
−202.8 8.0
+0.1
−0.2 2.516±0.008 1.3±0.1 0.52±0.06 6.04× 10
−2 U
93805 1 AB 54699.074 12.47±0.03 30.5±0.1 Ks 3.976±0.016 473.0+11.8
−11.3 8.4
+0.1
−0.1 2.5113±0.0004 1.50× 10
−1 B
54947.291 12.51±0.04 29.7±0.2 Ks 3.818±0.023 474.5+11.9
−11.3 2.5113±0.0004 1.35× 10
−1 B
93892 1 – 53286.002 6.43±0.01 204.16±0.09 Ks 6.853±0.054 1979.1+514.0
−338.3 8.36
+0.05
−0.06 3.22±0.06 5.43× 10
0 B
55799.136 6.395±0.006 203.61±0.06 Ks 6.96±0.05 1967.8+511.0
−336.3 3.22±0.06 5.77× 10
0 B
93892 2 – 53286.002 3.327±0.006 65.0±0.1 Ks 9.06±0.16 1023.6+265.8
−175.0 8.36
+0.05
−0.06 3.22±0.06 5.96× 10
0 B
55799.136 3.364±0.004 64.1±0.1 Ks 8.75±0.12 1035.0+268.8
−176.9 3.22±0.06 5.56× 10
0 B
100881 1 AB 54769.988 3.45±0.01 146.9±0.1 Ks 2.4867±0.0016 577.6+62.1
−51.1 8.18
+0.06
−0.06 3.97±0.02 2.0±0.2 0.51±0.04 4.12× 10
−3 C
56189.158 3.467±0.003 147.34±0.05 Ks 2.9387±0.0098 579.8+62.3
−51.3 3.97±0.02 1.6±0.1 0.41±0.04 5.68× 10
−3 C
105842 1 * 54685.224 4.6892±0.0006 131.36±0.02 H 1.818±0.024 1205.4+584.3
−296.7 8.6
+0.2
−0.3 1.84±0.03 1.0±0.2 0.5±0.1 3.78× 10
−2 C
113031 1 – 53298.075 0.083±0.002 284.3±1.0 Ks 0.520±0.054 21.0+2.4
−2.0 8.19
+0.05
−0.06 4.1±0.1 3.6±0.2 0.88±0.05 3.76× 10
−7 C
54363.151 0.073±0.006 294.5±4.0 Ks 0.83±0.11 18.5+2.5
−2.2 4.1±0.1 3.4±0.2 0.84±0.05 3.88× 10
−7 C
116231 1 – 53296.128 0.642±0.001 240.74±0.07 Ks 4.0844±0.0063 34.2+0.3
−0.3 8.9
+0.1
−0.2 2.4±0.1 0.622±0.006 0.26±0.01 8.49× 10
−5 C











Table A6 – Continued from previous page
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53297.113 0.6417±0.0009 240.74±0.08 Ks 4.034±0.012 34.2+0.3
−0.3 2.4±0.1 0.631±0.007 0.27±0.01 8.24× 10
−5 C
56188.158 0.825±0.001 251.1±0.1 Ks 4.1627±0.0031 44.0+0.4
−0.4 2.4±0.1 0.607±0.006 0.26±0.01 1.44× 10
−4 C
Notes. Component designation as assigned in the WDS catalogue. –: No WDS entry; *: Companion is listed in WDS certainly without component designation
a Position angle (PA) is measured from N over E to S.











Table A7. Additional companions listed within the literature.
HIP WDS log(P[d ]) ρ log(aproj.[au]) Reference HIP WDS log(P[d ]) ρ log(aproj.[au]) Reference
desig. (arcsec) desig. (arcsec)
377a – – – – Chini et al. (2012) 26549 AB,E – 41.561 6.698 Jasinta et al. (1995)
2548 Aa-B – 27.5 3.35 Holdenried and Rafferty (1997) 26549 AB,F – 207.302 7.396 Hartkopf et al. (2013)
2548 Aa-C – 168.1 4.13 Hartkopf et al. (2013) 26549 AB,H – 306.745 7.567 Hartkopf et al. (2013)
5778 – 2.9 0.002 -0.48 Stickland and Weatherby (1984) 26549 AB,I – 524.066 7.799 Hartkopf et al. (2013)
10602 AB – 88.21 3.62 Jasinta et al. (1995) 26602 AC – 89.25 4.63 Hartkopf et al. (2013)
10602 AC – 13733.03 5.81 Shaya and Olling (2011) 26602 AE – 75.72 4.56 Hartkopf et al. (2013)
10602 AD – 26525.39 6.1 Shaya and Olling (2011) 26602 AF – 133.5 4.8 Hartkopf et al. (2013)
15627a – – – – Chini et al. (2012) 26602 AG – 58.98 4.45 Hartkopf et al. (2013)
17563 – 0.23 – – Abt et al. (1990) 26602 AH – 40.78 4.29 Hartkopf et al. (2013)
17563 – – 65.26 4.03 Hartkopf et al. (2013) 26602 AB,I – 91.77 4.64 Hartkopf et al. (2013)
18213a – – – – Chini et al. (2012) 26634 – – 13.5 3.03 Dommanget and Nys (2000)
20042 – 0.7 – – Abt (2005) 28691 – 1.16 – – Scarfe et al. (2000)
20042 Aa-C – 48.95 3.43 Wycoff et al. (2006) 28691 – 3.68 0.05 1.07 Scarfe et al. (2000)
20171 – 0.65 – – Dworetsky (1972b) 28744 – 1.91 – – Peters (1983)
21192 – – 123.4 4.26 Hartkopf et al. (2013) 29941 – 1.85 – – Abt et al. (1990)
21735 – – 10 3.11 Hubrig et al. (2001) 30180 – 0.91 – – Gies and Bolton (1986)
23419 A,BC – 14.39 3.43 Hartkopf et al. (2013) 30468 – – 23.04 3.82 Hartkopf et al. (2013)
23419 AD – 131.91 4.39 Hartkopf et al. (2013) 30772 AB – 77.6 4.41 Hartkopf et al. (2013)
23794 – 0.74 – – Catanzaro and Leto (2004) 30772 AC – 80.89 4.43 Hartkopf et al. (2013)
23794 AC – 52.41 3.7 Hartkopf et al. (2013) 30867 AC – 9.27 3.28 Mason et al. (2012)
24244 Aa,Ab – 0.37 1.42 Hubrig et al. (2001) 30867 AD – 24.38 3.7 Hartkopf et al. (2013)
24244 AB – 12.7 2.96 Hue´lamo et al. (2000) 31190 – – 24.72 4.12 Hartkopf et al. (2013)
24740 – 0.62 – – Wyse (1936) 31959 – – – – Braganc¸a et al. (2012)
24825 AB – 39.38 4.02 Hartkopf et al. (2013) 32753 – – 28.91 3.88 Hartkopf et al. (2013)
24825 AC – 166.43 4.64 Hartkopf et al. (2013) 33343 – – 6.5 3.32 Mason et al. (2001)
26215 – 3.27 – – Dworetsky (1982) 33611 – – 3.3 3.15 Dommanget and Nys (2000)
26235 – 1.32 – – Stickland and Lloyd (2001) 33650 – – 0.1 1.56 Dommanget and Nys (2000)
26235 AB – 52.34 4.4 Wycoff et al. (2006) 34579 – – 0.1 1.75 Mason et al. (2001)
26235 AC – 128.76 4.79 Wycoff et al. (2006) 34579 – – 8.4 3.68 Mason et al. (2001)
26235 AD – 134.92 4.81 Wycoff et al. (2006) 34898 – – 6.69 3.62 Hartkopf et al. (2013)
26549a – – – – Chini et al. (2012) 36009 – – 11.32 3.78 Hartkopf et al. (2013)
26549 AB,C – 11.443 6.138 Ma´ız Apella´niz (2010) 36363 – – – – Braganc¸a et al. (2012)
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37450 – – – – Braganc¸a et al. (2012) 63005 AB – 36.35 3.66 Hartkopf et al. (2013)
37752 – – 176.7 4.56 Mason et al. (2001) 63210a – – – – Chini et al. (2012)
39970a – – – – Chini et al. (2012) 63945a – – – – Chini et al. (2012)
40321 – – 66.94 4.32 Hartkopf et al. (2013) 63945 AB – 11.53 3.14 Wycoff et al. (2006)
40817 AB – 64.9 3.84 Hartkopf et al. (2013) 63945 – – 37.84 3.66 Rizzuto et al. (2013)
40817 AC – 99.85 4.02 Hartkopf et al. (2013) 67472 AB – 46.51 3.86 Hartkopf et al. (2013)
40834 AB – 64.83 3.92 Fabricius et al. (2002) 67669 – 1.24 – – Levato et al. (1987)
40834 BC – 37.49 3.68 Hartkopf et al. (2013) 67703 – – 18.35 3.17 Sinachopoulos et al. (2007)
41296 AB – 26.13 3.75 Hartkopf et al. (2013) 68002 – 0.9 – – Pourbaix et al. (2004)
41296 AC – 34.9 3.87 Hue´lamo et al. (2000) 69113 AB – 29.91 3.68 Hartkopf et al. (2013)
41603 – – 18 3.91 Hartkopf et al. (2013) 69113 BC – 51.94 3.92 Hartkopf et al. (2013)
41843 – 1.34 – – Stickland et al. (1984) 69174 – 1.42 – – De Cat et al. (2000)
42129a – – – – Chini et al. (2012) 69174 – – 64.14 4.21 Bystrov et al. (1994)
42334 – – 16 3.06 Dommanget and Nys (2000) 69491 – 0.17 – – Malkov et al. (2006)
42504 – 0.5 – – Levato et al. (1988) 69618 AB – 32.45 3.68 Wycoff et al. (2006)
42504 – – 16.6 3.35 Hue´lamo et al. (2000) 69618 AC – 36 3.73 Dommanget and Nys (2000)
42637 AC – 501.13 4.68 Hartkopf et al. (2013) 70574 AB – 157.45 4.36 Hartkopf et al. (2013)
42715 A,BC – 76.03 4.07 Hartkopf et al. (2013) 71353 – – 25.27 3.45 Hartkopf et al. (2013)
42715 BC,D – 60.43 3.97 Hartkopf et al. (2013) 71762 AC – 127.77 4.08 Hartkopf et al. (2013)
44798 – 0.81 – – Aikman (1976) 74750a – – – – Chini et al. (2012)
45189 Aa,Ab – 0.12 1.42 Mason et al. (2009) 74750 AC – 10.96 3.75 Wycoff et al. (2006)
45941 – 2.07 – – Curtis (1907) 74911 AC – 23.1 3.38 Wycoff et al. (2006)
46283a – – – – Chini et al. (2012) 74911 BC – 22.7 3.37 Shatsky (2001)
46283 AB – 3.25 2.63 Hartkopf et al. (2013) 74911 AE – 102.3 4.02 Mason et al. (2001)
46283 AC – 9.65 3.1 Hartkopf et al. (2013) 75264 – 0.66 – – Thackeray (1970)
46594a – – – – Chini et al. (2012) 75264 AC – 26.29 3.62 Wycoff et al. (2006)
46914a – – – – Chini et al. (2012) 76503 – 0.72 – – Levato et al. (1987)
47522 – – 51.54 3.9 Hartkopf et al. (2013) 77227 – 1.59 – – De Cat et al. (2000)
48224 – – 66.51 4.24 Hartkopf et al. (2013) 77562 – – 28.82 3.44 Hartkopf et al. (2013)
54255 – 0.36 – – Andersen (1975) 77634 – 1.18 – – Dworetsky (1972a)
54767 – – 21.94 3.32 Hartkopf et al. (2013) 78168 – 1 – – Levato et al. (1987)
58587 – 0.47 – – Pourbaix et al. (2004) 78265 – 0.2 – – Levato et al. (1987)
60463a – – – – Chini et al. (2012) 78265 AB – 50.35 3.96 Hartkopf et al. (2013)











Table A7 – Continued from previous page
HIP WDS log(P[d ]) ρ log(aproj.[au]) Reference HIP WDS log(P[d ]) ρ log(aproj.[au]) Reference
desig. (arcsec) desig. (arcsec)
79005 AC – 29.53 3.52 Hartkopf et al. (2013) 90766 AC – 164.37 4.55 Hartkopf et al. (2013)
79404 – 0.76 – – Levato et al. (1987) 90766 AD – 85.84 4.27 Hartkopf et al. (2013)
79622 – – 46.5 3.84 Mason et al. (2001) 93368a – – – – Chini et al. (2012)
79653a – – – – Chini et al. (2012) 93368 AB – 12.79 3.71 Hartkopf et al. (2013)
80473a – – – – Chini et al. (2012) 95347a – – – – Chini et al. (2012)
80473 AC – 149.23 4.22 Hartkopf et al. (2013) 100751 – 1.07 – – Luyten (1936)
80473 AD – 156.37 4.24 Hartkopf et al. (2013) 100751 AB – 249.14 4.14 Hartkopf et al. (2013)
81472 AB – 16.12 3.49 Hartkopf et al. (2013) 100751 AC – 244.5 4.13 Mason et al. (2001)
83336 AB – 22.56 3.49 Hartkopf et al. (2013) 100751 AD – 58.9 3.51 Mason et al. (2001)
83336 AC – 42.43 3.77 Hartkopf et al. (2013) 100881 AC – 37.88 3.8 Hartkopf et al. (2013)
83336 AD – 51.43 3.85 Hartkopf et al. (2013) 110672 – 1.93 – – Bjorkman et al. (2002)
85727 – 3.02 0.01 -0.39 Malkov et al. (2012) 112542a – – – – Chini et al. (2012)
85727 AE – 49.88 3.48 Wycoff et al. (2006) 112542 AB – 20.93 3.31 Mason et al. (2007)
87163 – 0.42 – – Malkov et al. (2006) 113031 – 0.54 – – Catanzaro and Leto (2004)
88149a – – – – Chini et al. (2012)
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